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1 1 

( a ) iB^J#-^ 2 tl:^ $ tL;5> T 5 y mse^J ^ ^: S ^ > ^ ® 

(b) @2^J#-f-2 tl^^tL-ST^ yiJ@B^Jli*3V^t:. 1^L< tiW<^T^ S 
K 

@e5Tl#-^ 1 ic^$ tL^m»@e^JX{i-?-<^ffiffi6<J@2^0*^'b*S DN Ao 
[W*:® 3 ] 

m^m 2 ifitt^ D N a t >^ ^ 'J > V X > 3& ^#T-c/N ^ >; X L> Ti^o^-fe^^ie 

5 1 

@S?|J#-^ 2 $ tL;& T 5 y mia^Jji^ ^ ^ * iJ' «o 

MTO(a)X{i(b)Oi5' Ki-^DNAo 
M 

umM 8 ] 
m^m 101 

1 1 1 

Itm^ 1 2 1 

m^-m 131 

J^J.T(^(a)X{i(b)<7)^ >'/N°^R=S:n- Ki"^ DNAo 
K 

im^m 1 4 ] 

5 izrn $ tL* m*IB^JX{± -e-<^)ffl^S6<JSB^J:&* ^ ^ -5 D N A o 
[fff^^l 5] 

mm^'^5K^^fi^Mmw.nxii-t<Dmn^^n<D—^xit^u^^^. 
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^-y. 2/E 



1 6 1 

1 4 fa«(7)D N A 7. h U :^ V ^ > b ^^<4^T-e/^^ ^^-f X L> :d-o^fe#:^3^ 
@BftjilfSi±^^1-^ K =Sr 3 - K-r ^ D N Ao 

1 7 1 

[ft*:* 1 9 1 

ijj>T<7? ( a ) xti ( b ) (D^^i^^mmmm^^^^i- ^h^y^^^m^- V^-t^'Ol^Ao 

(a)SB«-^8. 10, 12, 14. 16, 1 8X(i 2 0 tc^$tt*7 5 ymSS^'Jj&^'b'S: 

fb^)@e»f8. 10, 12, 14, 16. 1 8X{±2 0^c^$tLsr5ymlB^J^^i3v- 
@s^ji-i-7. 9. 11. 13, 15, i7Xiti9K^^ft^^m&^]xiit(Dnmm 

SS^ji-t?. 9. 11, 13, 15. 1 yXfil 9lc^$tL;2,J^^@B^JX{i-?-<^Mfi^S£ 
Ao 

[ft 2 2 1 , ^ 

m^M7, 9, 11, 13, 15, 1 7X(±1 9lB«ODNAfc;^hV>^v^>h^t*# 



1^^^^^ 2 3] 

@2^J#^8, 10, 12, 14, 16, I BXii20iZ^^M7<ym.W.m^h^J:^^ 
j^g^^-j^ 2 4 1 

ee5nj#-i-8, 10, 12, 14, 16, 1 8Xfi2 OlC^$tt;5>T5ymS3^Jl^*5V^T. 

w^«5. 6. 11. 12. 2 3:^it2 4mm.<7>^>^-^^nt^ •r-:^-^^ y^^^WRr> 

l»5^5. 6, 11. 12. 2 3Z{i2 4|^«^0^'>'^^*^^g^C#*fi<J^I^'^i-S^#o 
[l&^«'2 7 1 

^m^^ y ^ n - :^ ;i/gL#t?* c: t Sr#m t -f * 2 6 iBmogu^o 
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[0 0 0 U ^ . 

^^^©y V-fy ?!; n ^ -t;^ • (Schizosaccharomyces pombe) t'ffl 

5!5i-;&R e'c 8 nli-v'><7)7'nxi^i5'-^ >^-?i^KS g o 1 (v'^=f>'>') 

10 0 0 2] 

fj:Mm^mizis^--^. mmm^^i^(o^mit. sc c 1 (^^s«vv^>;'*n?-tjj^ 

*°V^(;?Ra d 2 1) =Sr'^tf#^3--/^--^ h n li-'>>'^'&'»^li'^#L-Cv^^o ^Ui±m 
'i&M^^i^ (AP C) Cut2/Pdslt::i:oT. Cut 

d 2 1/s c c 1 ^^wb. mmm^^»(omm^mmir^o m^'^mom. 

hRad21/Scc nm^^U^^^il^ ^Mmm'^^^'R e c 8l::J:oTS 

hn^Ti-<^^#^t, Re c 8 ^^^^^ ^ ^ t i,z X ^xmmi^'\i<7)mm^mm^fi^ 

mmizi&otiRe c sitm-'^w^miz^^-^y-^Kx^xwm^ii^^^^^ mw.^^R e 
(■^j^t^. 12.13 #M) o m^^« s p o 1 3 amm^^R e c 8 

i;H#UTV^^;&-' m^if. ^#S^:itmi 4, 1 5#HS.) > SPOl simm^i^xiitj: 
<. F5^6«)J'1^tg-t-*^#x.'btL^o i-a'i^yg'^A^ME I-S 3 3 2{±-b>'>n^T 

mSE#2 004-3119889 
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e c 8<^#^6tl^4^K^-^x^ii:75-'T i^v^o 

[^^#Wp:S:m 1 1 Annu Rev Genet 35. 673-745(2001) 
[#^#lt:^^2] Curr Opin Cell Biol 12, 297-301(2000) 
l$W^fffXM3] Curr Biol 13, R104-14(2003) 
mmffXM^] Annu Rev Cell Dev Biol 17. 753-77(2001) 
l#^#W^«5] Genes Dev 16, 399-414(2002) 
mWW:Scme} Cell 98. 91-103(1999) 
[$mWfXM7] Mol. Cell. Biol. 19. 3515-3528(1999) 
l0!Wff'-XUB] Nature 400, 461-4(1999) 
{$m^'XU9] Genes Dev 15. 1349-60(2001) 
lt¥^W:icmi 01 J Cell Biol 160, 657-70(2003) 
mmWXUl 1] Nat Celi Biol 1. E125-7(1999) 
[$mW:icmi 2] Cell 103, 387-98(2000) 
m^Wl'XUl 31 Embo J 22, 5643-53(2003) 
{$mffXMl 41 Genes Dev 16. 1659-71(2002) 
[^PS^W:SCM 1 5 1 Genes Dev 16. 1672-81 (2002) 
m^m:^cmi 61 Cell 83, 247-256(1995) 
l^#fP«l 71 Science 300. 1152-5(2003) 

[0 0 0 41 

KU^^fifzPk'&i^^wM^x^^i)^. ^<D'^^iy^)v<Dmmmmit^^^mmx^^ tzo 

l,Zis\,>X:^^tfy^j:nm^^f^\^X\^>^:it^^LX^tz (±|5##i^:i:i^ 8 , 17:!5:tKN 
ature 409. 359-363 (2001)) o ^mm(Ommii. n - v' > t^P LT^m^-^S-^t' 

i ^tztt) <o^m 

[0 0 0 51 

WMi^mzki, j^':fu4 vw^=f-^^^-t^2Wim(Dm^-^£->^5^^i)^^-^^x\^^^o - 

mi-m-'5^u\^^^^xw)m.^'&<^^m-^%m-r^m^^^^^^x\t^ ^fLtxmm^M^^ 
ttx'^^tzo ^^m^hkt^ 5mmR\zR& c ^•^^m-t^^^^'^'^^n'^Mm'rhfzt> 

\>z^ R e c 8 t^^^-r^^^. :9-SmWi^^tt^*$»^-fe^ 

:^^S#ic:fett^Re c 8=in->'>'0^nxi^^-T'ib^. m—^^^kMliZis^^ 
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Sgol (vi3*vy ; t^^LtZo ^VX. ^^:^^<7)^-fe{$:^^tci5 

^•=EniJ^:5.t>':9-^^©<^)^^^^/-?7ni5^S g o 2 =^mv^ffiL7to Sgolt'>3^^>^3 
■t^^s'oiME I - S 3 3 2 tc7)FBlOT-v:h;V^^m'Il^|Wl^L. ^(DM^^mi^iSl'f ^ S 

o 

[0 0 0 6] 

b) @B^J#-t2 ^Z7K$:}x^T5 ymiB^Jt'iSV^T. 1 ^ L < (±MOT 5 / ^76^^^^. S 

o 

[0 0 0 7] 

^Tt^^BJJi, (a)@H^J#-^4 tC^$tt;S,T^ ^m@S^iJ:*^^'^'5. >'^^°^KX{±(b) 

-^4 (C7]^$^i^T5 ymiS5Fi|^>^:&;s>^ >'y-?^® 1) @B^J#-^4 tc^$ tt 

^ o 

[0 0 0 8] 

:^§tmittfz. (a)S5^J#-^6 iZT^^fl^T^ ymmm:i^h-^j:^^^^^^i^KXit(h) 

n-K-r*DNA (W*:^13) -^^ IB^J#-^ 5 tLS:^^@5^JXI4-?-0*a?»e«j@E51j 

^^^fb^^SDNA (ft^:^14) @a^J#-^5 tC:^$tL^mSiB?yX(i-?-<7)^1te<JiE^J«^ 

(li*:Kl5) f»^:«6f2«<^DNAt;^ h U ^i/^^ h;a:^#TT-/N-f jJ^-f X 
L. ^-o^'fe#^@B$imm«r^-r*^>'^N*^'K=S:3- Ki-SDNA 1 6 ) ^> 

[0 0 0 9] 

^^^igtitfc. (a) ie^J#-t8, 10. 12, 14, 16, 1 8 Xfi 2 0 tL<g, 

0, 12, 14. 16, 1 8Xit2 OKm-^fi:hT< ^mW.mKi5\y^X. l^L<{iM 

ffiiE#.2 004-3119889 
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^ o 

lb ^ D N A . 3fer;*l; i tt fb <7)@S^iJ <75-fi5 1 ti^ffli =£: -^tr ^fe^^ia^JiaS'tt ^^1^ ^ 

;^^;g,>5; K-r;|,DNA^. O ^ ^ X f- ^ IS^'J*-^ 9 1 1 

^/•?^K*=r- Fi-^DNA^> 56->6-^DNAt>^ h U > v x > h 'S:^#TX-^N-f 

^ _ ^ c D N A V y 9 U - ^ if ib<2r^<7):^^t' J: P^-r ^ ^ 1 7&^'-e § ^ 

o if.. i5^J#-^l. 3, 5, 7. 9. 11. 13. 15. 17. 1 9^1CJ$ JJ^J 

^-^ff^&v^. lg^^-r^;^^^•7'u^^x-r;5,DNA«:#^■r^-i:^^J:0. aa*J 

D N A ^^Wi" * fciO (^^^ ^ "/ U ^-f -f - a > t L T {£. ^ilf: t 1 Y 
XSSC 0 l%OSDS=^^tf^Wt^i^6 5X:T'0^^i!!tSI^J:l9«ftL<i^2 
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[0 0 1 5 J 

yj^^n tLXit. ibtLTv^*-7-5&-iJ' y^^i^ ®-e*tL«n«il|Jt$ n^i. i><DX 

»i:&<> m^i^. T;V*';*>^7Ti5'--fe\ m.i^(DFcmM. HRP. GFP^fc'**^^ 
:bCti}^X^^o i!)-f)-^m^^y^^^nii. -^iSl^J: l9^$li-^-t:d«t?#, N i -NT 

At Hi s ^ v<r>mnmi:mmvti^ y^^^ns g o imnmw^. mm^mom^m^ 

[0 0 16] 

-f-;w^#:> -^miij^^. \^Yim.wm(o%^mmm^j:^^^^^mzmf 

^:it^^x^^ itLfb{±±ias g o im(D^y^^^nxii^<D-^^wt\^xm^^x'^ 

^ 19 -f^S^-r -I) :i tJ-'T- § -5) ^(D^^Xi^^ y ^ u --j- )ViK,m^^ c^#^tt<^.^.-e J: 
«9Sf^Lv^o :()-7!)-^'Ey ^u-i-)l^^i^m<Dmmi. ^#:|*HC:fclt^ S g o l^<^B«1r 
^ lb 75^ 1" ^ ±-^*ffl * o 
[0 0 17] 

«BMO^««^t^J; K--^^ (Nature 256. 495- 

497 1975) , b'J^--^^. \i. }• BBB^^^ ^''J V--^^ (Immunology Today 4. 72, 1 
983) :S.tfEB V-^^'^ F--7i* (MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp. 
77-96, AlanR.Liss. Inc., 1985) ^ if'tt^O:fri*=SrfflV>S i 1 7&«-e§ ;?>o 
[0 0 181 

i^m4 9 4 6, 7 7 8-^) ^^m^t ^ ^ t±^X^ ttz. H h'fbin:#=Sr|Sim$^^ ^ ^^r 
[0 0 191 

tfcHtlfB^^^n--^;VSn[:#:^<^^#l-. -E^J^Jf. FITC (7;V:^- V-fe>f Vv-T 

#=^fflv>^^3S^6<Jiij^:^-^fc RIA&. EL IS Aft. m^^^^ft. ^7-^ 

ft. bft. JflL^^*SlSft> :e-^'i5^nc::-ft^O:^ft'£rW*Cli:*«-t?i^o 

[0 0 2 01 

[*M^j 1 1 

[0 0 2 11 

{Re c S-f'0 7^^'^-<D^^')~^y'!^) 

:^^m^hiimmmmz^^^xR e c a t^^mvti^'k<^^^^^^^^^<^'^^^^ 
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fzo GF P iiill^b/cv'-'^-^:^'^^'- K-r^R e c 8^. "^^T^ ^'jqitUnmt l + T'n 
•^-^O^ aitrp RE P 8 2 (u r a 4*-7-:^7-) tw^^n-^^^'L. pREP82- 

r e c 8*-GF p^^^L^^co WLm.'^umm^hmm^'^fzmR^ K^m^^xm^i^f^ 

i^Vfi-yiJU^^T. • sH>'^c DNA7-f :^9U-^ :5.tKp R E P 3 '^^^ ^ - (nmt 1 
+ LEU2W-;^7-) (Y.Akiyoshi and Y.W. 5^%*) =^'(*ffiLf^o P_R E 

P 8 2-r e c 8 * - G F P =^1^^1-^ leul ura4-Dl 8 ,1fflfl^{i c D N A 7 

^f'b^^. 3 0*C-e3 0 Br^^*$n/co 3n^-76«2*fc<0-^T5 ^«r#t *v^S^ 

yv-b±. i-55:^*>. -:fr{i-7'9>^5 KpREP8 2-r e c 8 * - G F P =£riX^ L/i 
mo^^y&^'^Si-^ ^ i:7&^'tr§ >>^'>;v:5.y'^5'-FOA (5' -f luoroortoic acid) 

5'-F0A=^'^^^V>:/lx- h±-e^$^:^^x-2) (rec8*-GFPt7-fr-7Vi5'n- 
loxine B=^M»5c-/V- M-SP^. -^tL^'J: i? n n ^- lC:»..^.^^-C/Co 2 BPb^O 

[0 0 2 2] 

l*lH'I4s g o \ g o 2 + '\<7)GFPX{±FLAG:5'i^*#tt;!St?>'l'iJI^*. PCR^ 

~7.<Dmii=^^-yT ^ y^'m (Yeast 14. 943-951(1998)) HioT^MLfCo PGR 
iiiligs g o l + -FLAG<7)C*^lcGFPt'#A-t'2)C:J:tr J: Osgol*-FLAG- 
GFP>6*f^i!i$tL, f*iH14s g o 1 Oit^T-Mt^ia^^^tL/co $^l::> PCR^-X(^ 
^g^gjj^^-^^^ >^'-J*m;oT. s g o 1 *(^l*lH'&:/n^-i5' ^ nm t •7°n-^-i$' 
*J^L> P nm t - s g o l^XtiP nm t - s g o 1 * - F L A G - G F P *f^m L/Co 
•Z-m\ZlB\^X^ S g o 1 -GFPX{4S g o 1 -FLAG^r^5'i^ft^t$tLf^^5'>/^°^5'|^* 
nmi^fzo -Xn. (Nature 400. 461-4(1999)) %m.<D^^^^. WM'^~^U<^^ (MM.W> 

-^stffW<7)f^^izi£^gLf^B#ffi) WLWL^m.mm'^n^.-f^fzibi.zme \ 4a^^# 

=£:«^L. ^m^-^3-^mtwP|lJh-r'S>/v:a6tCme s 1 A ^^ffi L/zo 
[0 0 2 3 ] 
( G F P V - iJ' ^ ftfzPk'^^<r>mM) 

^^^z^3^t^'}^^^^-(J[)5'^/^'i5'->^^il^i-^/i^6^c, cen2-GFP ( 

Embo J 22, 2284-96(2003)) ^##1-'5> h^°«^^ S P A >C 

h^tL/co mwm^^^<^^n.^'^^-y'^^^^^f^^^-^ -:^{4c e n 2 -GFP-C'-r- 
'|lfe:S•{i■^-i^'^i^Tv>5fev^*:&^Sl^M«30*^'^^t^'^ S P A_tJc;^*- >' h ^ 
ti-fco 1 aP^^«^tL7tm. ^'^#:75-'GFPtrov>Tm^$tL/io ?^*PCCD:^?^7 (Qu 
antix. Photometries) ^m^f^WM.^ (Axioplan2. Zeiss) . :5.mJetamorph software 
(Universal Imaging Corporation) co^>fcX-. M^^mzo G¥ Y> ^-T )\^<D 7 <>(DZ 

[0 0 2 4] 

(i^D-^^y^fe^ii;!^ ; C h I P) 
S g o 1 =^*-r-2)Ch I Pt^ov^-CJi. r-f-^^n^Ksgo 1^-FLAG-GFP=S: 
ffifflb^o AJgiC|WIPfi<j:&^«=Sr^^i-^/c«6lc. l^Hlits 1 p l^yn^-^^M^^ 
l^'^{4Mtt'fbL>S:V>r ad2 \* •f'a ^~ tmM'L. l^-^S-^cf^ t^iiJia^^lh L^Co 

s*ttii^sfet-*3v^T3 ot:-ei mm^m^'ix. 6 o%mT<Dm^^-:J5'^ 

■^^tcJCPihU/io S g o 2 =^Jft-r^C h I Pirov>T{4. n d a 3 -KM3 1 1 s g o 2 

♦-GFPM'i- 3 ortfiiji^-^. ^<o^i sx^izm^Lfzo 8n^<7)mm<r>^. 

A.t'(DmM^^^'^Mizn±Vf^o m{±3%(^/^°7*>'^AT;^■^li K-ei 8t:-c3 0^ 

mm^-^fi^. ^m^ib^i^u-^ittzo dna{±¥*&-^^^*^4 o o b ptxJiz^m^f^^ tt 

mmii. •>-9-#*in;GFPtrL# (Clontech) T'^fe^gitl#$ ^^f^o ^iBMmttmt^Ji-e)^^!^ 

miE# 2004-3119889 
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$tt7tDNA. Xitf^^m^fii^^^'^^X^y^^'^^^''^^- LightCyclerZliLight 
cycler-DNA Master SYBR Green I kit (Roche Molecular Bio^emicals) J. tesB^^^ 

y7;^5KpGEX4T-2 (Pharmacia Biotech) 35: 9 b (Novagen) 
VtL-r:}r}fX$*X/co (Embo J 22. 5643-53(2003)) IBmcO® <9 > GST-S go 

litry^3fi:f^^it^:hfztb\zmm^fi. m^$tt/ctn;#f±H i s-Sgo Uiio-Cffl 

[0 0 2 61 

3 0°C-e4 0^5-F.13%O^;VAT;W7'li KX-g^L. (Embo J 22 5643-53^ 

2003)) mm.<0-^mz.i:-.xm^Lfzo Sgo 2-GFP^TOi s e-HAt^^i-J 

• 1 0 OT-A 1 e X a 4 8 8B^<Dili^'^^'^^ (Molecular Probes) ^ffi^';5f f ° ^ 
«mLfCo 1 : 2 0 0X'-r'^^^^^^-7^^;>^^#TAT-l (Keith Gull^:^-^^-^ 
) S-U^'l • 2 0 0 0-eC y S^VH^^'^'y^^^ (Chemicon) ^fflV^Tf-^-r U 
ikmLfz^ DNA«rPT^a>fbi-^^c*e>l^> |ffl)J&«:DAPIt?*tJt^fet/co 1 : 5 0T--7 

FpS# (Roche) . mO'U : lOOc^BODIPY F L^^^-^ (M o 

1 ecu 1 a r Probes) ^fflv^T S g o 2 - G F P ^^J^ l:^;- 1 ' ^ 0 J 
iP4ffHAMl'»:Y- 1 1 (S a n t a Cruz), JSlXJFI : 1 0 OX'A 1 e x a 4 8 8 ^ 

DAP I -e^b^'febTto 

[0 0 2 7] 

(*^^W) ^ g,_3 Pnmt 4 1-s g o 1 * - F L A G - G F P**ffiM- 

r.yhn-;vtLT<^Padh-r ec8*-3HA^«^, ^^"^^^^^X^S^ 

4 sgo l-FLAG-GFP^5^:^^^•^@*. ^FLAGSt<*M2 (Sigma) -e^«T;t 
mLfZo fiLHA^#Y-l i:!^0''trQFLAGm#M2HJ:o-C. -ettWR e c 8 - 3 H 
AWS s o 1 - FLAG-GFP«:^mU/Co 
[0 0 2 81 

^?5?oS£Sk ^fe#n;.T-.-b^i::M^^^^<^^i^^^ SKI (Cell 98 91- 1 
03(1999)) om^#-C'^o/Co ^fe#a;^T'>'-b^*^m (Nature 410 955-9 2001)) 
|B«c^ilWMLf.o FCR^^^^yV (Yeast 14 953-96ia998))Jit^ 

;CR?.io?nt^Lf^o ^m#V^-^-^>^LfcURA3-GFP > (c e 
nV-GFP) lcov^-Ci±HuiE$ttTV>;|, (Cell 98, 91-103(1999)) o ^ (D^y Cell 

4. 535-48(2003)) f5«Oii ^3 . 3 0 X^T't'^ ^'n ^ «!: ijK ^ 

^l^mi)md\^fifZo v-^-'f ^^^^^5gi*(in situ immunof luorescence) ^ue 
vCell 4. 535-48(2003)) 1B«<^® ^Mb^Co 

[*M^ 2 1 
[0 0 2 91 

miE# 2004-3119889 
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[mm 

v^^'v^s g o 1 <Dm^) 
*^^^='tl-^/>R a d 2 1/S c c 1 3 >'T'^;g,R e c 8 tU^ 

^^#-e*^ (Cell 103. 1155-68(2000). Mol Cell Biol 23, 3965-73(2003)) o L;6^ 

) o ^Tj^j^S^^ft-lw, -gJif^nrtg^jR e c 8 tTt^^ (Re c 8{i 

•b/^•9-•^fCu t 1 tci IJ^if^tL^Si t tc^^ (Embo J 22, 5643-53( 

2003)) ) , ■mnm^6^^<^^n.ii^^ttttj:^fz (la 2 #?.?.) o l/ct^-^ot. ^i^^-^s- 

^©f^^^. mm'^^mm^^^^ifi^n.'f^o ^iih(OmMi)-h. 5^f&W#<b{±Re c 8 
«0^#<b{i. Re c 8 t*^mt7^>:^^t::0^:t*^iSJ^«^t'«t4*ll^i-^il 

fSi^^PiLTto ^(oy^^')~=-y'^\zi.oxm%m=n=f-&uo\* (orfispbp 

3 5G2. 0 3 C) ^^v^aJL;^Co R a d 2 1 ii^f^^U/c^-g-. Sgolii^ftl'Pb 
T^J^:^^fl^#«rS.^^$*v^^c^C>. S g o l t;:J;*^*<^*&W{iR e c 8 <^:|?L 
•rv>^ (Ell a) o -fe^ hnp(T^'^^'fem5fci5'>'^-«^'K-^-*- (c e n 2-GFP) 

(HI b. c#RB.) (on^m'^'^^n^^i'^^f^^^ rec8*tsgo 
1 * J:<7)^||^c7)^:^, ^:^^7{i^~7'n ^ (blocked nuclear division) ^^i)^'^ 

tho ^»Wt-S g o 17&«R e c 8 *^d>e>i5^^-t*^t^tt*7-;^ ^^Sfci6^C, S 
go m^lcM^t-CRe c 8<7)^^*p-<. «'l4^feKa dh 1 -/n ^- ^ cotU^T 
T'. -€-<75?&;v^*^v;v«l-GFPr-^i^*#ttL/cR e c 8 ^T5>^M 
nm t 1 ^n^-i5'=^fflv^TS g o 1 ^MSL/io '^(^Ig:^:. S g o 1 7&^~*fimL:^>:^'^ 

d) o S 20 \ifiWim.5m\^^^^X<D^^-mr^^hi)-h. (DNAv-f ^^nr V^T*- 
^J' (Nat Genet 32, 143-7(2002)) . TiB#M) > ±.^(Dm^\ZXoX. S go 1 
:^^(7)rB^i±R e c 8<^ya-r^^-t?*'&C:i:76-'*?35^o7to 
[0 0 3 01 

(S g ol{±^^icl^-^^t':felt^tfrJI'*tt<^^if=£riSS-r^) 

M^^Sli't'tOR e c 8(^i^Kt-MLT. S g o I ifi^m^'iL^W:X^^-b^^m^^tziiy\z 
. s g o 1*^=3- Ft-^0RF^#:^l5^*t> aiia^«L/^o sgolMii^^^^ 
#Ma<5T--e^>^ i:v^^©E^t:lc-lfcUT. s g o 1 A«(i^W"BXtfe-e* f} lE-t^iiJlfil; 

^:^^^L/>:o s g o 1 i^mm.<r>mm.^mi<r>Pk'^w^m^m^^fzib\z^ ^-^#(^200 

*:^n^<^^ ::'^l-ov^'r(7)<J?^. -t^ hDptTP^'>-^>'^=l:GFP (c e n 2-G 

FP) T-v-i!^L, ^^<7)Fb1. gfp Y(D5^m'^^-'^~\^f^o nw^'^^^ 

^^Ti)K #^^#:<7)|W]C1iJ^mia-^il#iijL/i^t:6^'b. M^^— ^^ti s g o 1 A 
(laS a) o ^hliZ^ mPk^i^-i^^n ^ c e n 2 - G F P ^-7- iJ^i";?. C ^ J: 0 , 

t-i3V^-C^-fe#/l^:S'^=^^iL7t (1213 a) o CO^ti^^l^— ^f^t-iJ^t* 7 
^fe^^Si i: L T * o 
[0 0 3 11 

W}m.^'i^<DmM^m^^fzisbt,z^ me s 1 AS^^ge^^^-CM^^— ^^<^B«t::^Jh$ 
tL/^^^^t-iStt^W'-^^a^^^-^-^' L/C c e n 2 -GF P <£:SI^L7^:o JLiB^^^ft 
-hf-tt-Sj&^Oi^t'. ^iOS^tLy^c e n 2-GFP->i/-^-;V'**:i^^'fe#^i-V*^*3/c«9. 
s g o 1 AmJi-fe> hti^7<^-f-»i^^=Sr^-r-t>6*#v^ (III3b) o "t^ 
hn^TJC:^frt^R e c 8<^'^«^^S g o 1 lz>f8c#L-CV^;&^-tcov>T, m—^W^m<r> 
m^^Xf^-^mi-m^n'DR& c 8-GFP^il^-t^-i:t^J: !9P-<fCo S^^MMt^ 
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^-v^: 10/ 



:feV^-Ct±R e c 8 i^ifi-)Vi)mMi^^X-^:hZt-/)^mMX-$)^(D\zML. s g o 1 A^ffl^^ 
113 c) o s g o 1 Am<7)-r-<-C<7)^3^M{±> ^xni^u-7-^>':^«0 5/v'-9-';'*n5 

Science 300. 1152-5(2003)) o (C h I P) Ty-fe^^«V^_T. ^ 

^§i<7)|ffic$I|ljh$:lx/i^Ba<7>R e c 8 i:: J: n vf-^^-g-SrH-^/co ^t-u^^u 
•^^yXikmBtii-^<MM&^1iZ. Re c 8<Dm^it^<7)-t^X(OT:^}'^^tmU. i* 
lM#®H^it<^s g o 1 A«lci5V^-C^>JI^:^3ttTv^5:7&^ofco <^)^m«^ 
^-55^§i^^c7)Ei)M#ttR e c 8 <^M*^^ -t > b T-^OR e c 8 ^^t::^lt^lO^<^ 
;5(CtIi::io-C^D'g><^-e{±^ < , tf L^M^^-:S^^l^i3tt^i&il'^14R e c 8(7?^^^:: 
^frt'5>i5^ai::ioT^C'i)^i:«:^l^t-^o ±M<D^^}iZXK>X. Cu t l-b^^9--lf*« 
^-:0'^^^«8<^)F?i^&Bt^c:^g^4>^kt. ^fe-ft^ttRe c 8O^5^:^^^«r^0®fL. Ii)ir.#1±R e 
c B<D^^m-^t^^LX\^^^ (Embo J 22, 5643-53(2003)) o iltiJc 
^-^9^^^=S:SLT-b/N'9-HficJ;;g.^|lf/5^P?=iii-v>R e c 8 ^UMir^^tliZ^ ^ 
. t!iM#14<7>^«P=^^K-t'§>-f^*S g o l;&5,xi,0(^;f^t!j^^7tLT:v^^C t =Sr7r:L-CV^* 

o 

10 0 3 2] 

(S g o 1 im^n—^wL^^--^>'^^^TKm^ir^) 

S g o 1 ^y/^i^M^^mir^fztbiz. S g o l #MfiU*fC#^^'^«^L> ^:r.7.^>yu 
y VmitZXi) S g o li!)^mhm^m-'5ymMK^Mir:h:it^ml.tz (^4 a) o ^^^9- 

m<om^^j::^T-p^z;^^mmiznLxf^&mytm^m^mm^^ML. s go i-^^m- 
^^mm<r>mm'<zmm\^. \^^<^7!)-^<7)Vy vtLxm-^m^^mtx-K-^'^^zm^^^^ 

tiimhT!3^izfj:'::>fz (|ll4b) o Ctt^OKv^MiMi s eWlM^i^^ y-'^^ M (CeH 90. 
131-143(1997)) a:*#L. S g o 1 i!)^ty Y u ^ r^^3^ >^^^ MX^)^ H t^Tj^LX 

v^-s (114 c) o m-^umRomp^mz. sgo i'>iJ^f-;v^^iijfi<jtwit^^-r^o n-^^ 

;&v^^^ -byN"9--t?^5^tilfflflai^*3V^-C{iiE1-'S:^^:*^®§-CV>;&c:i:*^v>aiL (HIS) 
^ m—5^mmilZiSl,1^^Sgol<Dj^'m^^. "t^^y-^^f^^LXty^^^ APCtw 

n^Tic^v^ra^^s g o 1 i^^i-)v^iik^-r^;it-i^x^fzi)K ^fLh\±m-'^mm 

<Dmm^X\z\i^^\,zm^\^fz (I114b) o ^tL{±. ■t/N°9--fe->65-f-^ic^g'tt>ffcL/:=:lr^ 

^ m~6^Wikm<DWi-^^^zi!)^-^j^y)(Dm.(os g o \i)^€^^t^fL:bz.h^7^\^x\^^c> l*^ 

L> ^-^g-MW^^atff-rst'^tLT. -Z^mh^fih S g o l {i^J?l:lc:&oTV^< 

(^||_^^;f^^(^P^t::^-fe>($:^<0Ti5'-b;<.;&^Mtf «btL;i)Jif'a-ll^SE"nrt^T'^)^o S g o 1 

(±M8fc^-^M-c'{4^< tti^^-r (1114 b) , s g o 1 (4> wm.'m-^^^^^^^x'D^R 

[0 0 3 31 

1&I1#1±<^^»:6^'#^1- ^ re «6 # iwMT-ab ^ <^ (Science 300. 1152- 

5(2003)) L-CV^-5)o S g o 1 >ei^'R e c 8<^i&m#tt-/ax^3'-"e*-2)^'&t::t4x 

tTt^iM^^tt/co ClOnrtlti'SrT-;^ Ch I PT^;'-b'f ^ 

fflv^. R e c 80«^E^ J: «)jE5{ic»¥L7to S g o 1 {±*l^t::-fe> h d>« T v-^^^:^ 

(114 d) o -^^m^mzHoX, y(y\£^XS go li^Re c 8m^whi^:s.\z^m 

L-cv^sit*5^$tL:& ji^tr (04 f) . ^m\tm^-^£mwm-^m\:^xmf'^f\^^o 
mn\,z^ ^fLh(Dm^\t^ s g o wimw.^^mm.mznm'L. m-^s^^i5i3v>T. 

■byN-^-4flcJ:;&^if*^ibi!jm#ttR e c 8 =^'»S1-^rca6icf^ffl-r^ ^ t =lr7FL-CV^.-g) 
(114 d) o Re cSom^^tSgo Ihz^^X^X^h-f. * rc|Wl#-C*;5 i i: 
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^-y: 11/ 



v>aiL7t (US d. m^-e-f) o mm^ii. Rec82:Sgol tlit^L^niLLxm}^^ 
^mmmMltzm^-^ti^-^^. m^KmLxa. Re c 8li^y-ti^u-7^yKi^:^L. s 
g 0 1 fiB u b 1 ^:^-■fe'^-^#LTV^-2> (H 4 e ) o *\l-PI6*ll^> SgolhRecSti 
-etL-r^^. swiA6 (/\xn^^nvf->^ti) :S.W^b u b 1 A^ti^^-b^ hn^T 
tc^:SLTV>-g. (114 e) o ico J: 9 t;^35:LTMfti-^ i 1 i . m^i^MmmMliZ 
?&9 ^1 <> ^ri^ hn^70.^-eR e c 8 ^^mir^:iti)m^t^j:^o 
[0 0 3 41 

■r^^t^^iTo C<D.^I,ZiS\^^X. S g o 1 <^5tv^WJf&5a^^ R e c BtmmLX\^^^j: 
v^i^-g-e^o-C'Jj, ^^^I^O^ft=Sr4'SJ^««U (Hl/P-it-r) .cut l^^SlitfeT- 
tC^L-C^#6tJ>^iajgT-*^^'^T'^oT^fc. Sgo l:*ni^*^ic^^1-;g)i t j; 19 c 
u t (13 6) Clt>5mv^{±i$*L^^o 

[0 0 3 5] 

(Sgo 2li^WmW:^zi5l1r^^^^^^S g o l^^yu^x-^^) 

-bHfvai:S.O'V n>(.;Kv • iJ' 7 y'^ib^h S g o 1 ^^filO iJ^ ® =S:^v-*itJ S g 

:^^m^(bii^S g o 2 ti&#lt^cvy'^y n^-b;^ • ^°>^S g o 1 /n-:7 n ^^-^M.v^tb 
Lyi(ORF:SPACI5A10. 15)0 sgo 2 +ilfe^^=£r^^$^t. s g o 2 A 

fflfl&jC'^'^^'^t^-^"* ^ ^ F;v/|^^^'fl:SiJ-?- T ^y- (T B z ) Lxm 
^^^m-t^it^M.^^mLfz (1117 a) o s g o 1 A«ffl»'eoa<^i5c|iiS«r^<7rc^*v^ 

o 2 * jt{S^t3 G F P r*- iS' ir^itntzo ±iMiai'*5V^T. Sgo2-GFP{±2oX 
(±3o<7) K-;/ h L-C;i^|*|T'm^$tL7t (117 d) o LtJ-L, Sgo2-GFP{i-t:^h 
7^ ^/^•^'KM i s 6 i:=t^^^4'^lC:b>v^T^:j¥L> 55-^^^<^Mt'ti^-t^ (El 
7 c. d) o C h I PT'^-fe-f S g o 2 i^n-7^>'#^755;t^:^Mia<^|W|P*°t:i 

^T^Lfz (1117 e) o vio^^^Si^bb. -^T-n^nv-^v^^ts w i 6 AS^^^M^t 

^-^L^cJ^-a-s s g o 2c^iiJ^ii^'fe#:<^^^^::ilJfi*J=&^5^P^5^■^;<-^*^ dttg-^titt^. 

#oatl«rt?T;&^l-a*^ ^X^t?*^ (Science 269, 1429-31(1995)) (^7b) o 

^uir(Dm'^i$-yf^Mizis^^X^ s g o 2 AiaJ3&7&^*^®jSiiin (~ 1 5 %) L/v:c:i:=S: 

T^hfzo L;d-L. s g olA{izltmm-^^('i3V^T0Jib^-^^fePfi?I#S3>:i$-f cms a 
) , t/c^m^St'iSlt'S s g o 2 A<^iXPfi^^^kb^V^^i:^>f>. S g o 2(^tS»J{iS 
go l(^tS:*!li:mmL-C{±v^^v^o 

[0 0 3 6] 
( B u b 1 \zmM $ i =^-> > <0^^) 

:S'^^«b u b 1 g^^^t'^v^T. m^^— ^^i^^fitHit'^ttR e c 8 5r^mt"§ ^ 
\^:Lhi)^h. ^-^"^ftfz^y h T#^^-^--b-B u b 1 l±> i^^^^<^FB^R e c 8 =Sr 
«K-r'5.^«tgi-'l)i:#x.e>tLTV^^o (Nat Cell Biol 3. 522-6(2001). 133 c) o 

bub m^w^±wMm~^^<r>Pk^^^m\^^^^x^mmKr^^^'R^^\^x\^^:hii\ S 

g o 1 0=^tg{±B u b lfSttlcJ:oT«6*lfc ^ i:#x.^tL;S)o ^(Df^M'^mm-r^ 

fzibiiZ^ m.B^mi!}^1^^^X\^^^h nh I ^mmz^y^^X. S g o 1 - G F P ^/^''^^V* 
P^fco mhT!)>K. b u b 1 Am{±iElt^iiJlI#'i4S g o 

^iz^fz^^x^i). ^t>y)izmmz^n\^fz^^i^\.fz m^e) o ^i—^m^^mm 
bubi-K762 R.^.mm^m^m^^x^ mm<^^^^n-fz (Embo j 22, 1075- 

87(2003)) o S g o 1 ^y^':^M(7)mm^^J:l^^}^'>t. ^^:S'Sb u b 1 AMfr'iJV^T 
^juyc^^y^uy vm^^^^'^'C^tii^i'^^Tb^ (mTT^^-f) > B u b 1 ti S g o 1 ^ 
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^-5^: 12/ 



y Yu^rizV^^vLt^MiZ'j^-mtfj:^^ b u b 1 A»t^*5lt^i*il#^<^1*mt-^^^ 
^ai± > S g o 1 0^^75.^'tl=& d t J: 0 Ml" - ^ 'i'"^' ^ ^ » 
[0 0 3 7 1 

3&^f bMli^l'*5V^-C. -t^ hn^TlCi3ttS>r^^SiS g o 2<7)^^E{i> bubl^ 
S'(*:lC:fev^T|l]»t'l*«$tL;?,Ci:=^l.v^ffiL^c (117 c) o B u b 1 M'^^^ - 1 
ioT. «,Jl#<^M*^l^t^i:^g^i$^^^^^>: 0 Cell Biol 143, 1775-87(1998)) o 

i(^^nML-r. bub 1-K 7 6 2 Rmmmt^ W}mi$^mm-^<o^7^u ^ u^^yj^^ 

L-C^icJEtt^^-to s g o 2 A 75-'|W]^lC s w i 6 A tc*,]- LT^ifc^l^^TP L (HI 7 b 
) ;t^^^i::i3V^Tm:^=&^fe#^^t5^=^^-t--i^mv^mL/i (Hl/i^-^T) o sg 
o2Abub 1 A-fi^^<*^^^ ^ftXt±TBZig^14lCOV^xma6*3^P(S**^J<^ 

(1117 a) > CtL(b<^itfe^»«fi:: J: . 
'9-§i«:5lii;-r'2.^^*^>0. Sgo2tBubli:<^^>-r*AM?rmW.L7to vlttib(^^ 

mRtf'^^^^^i-i^^^'^^^^^^^'^^- Bub i^i--^<DMw^j:m.mx^^^t^7i^ 

lO 0 3 8] 

(ffi^^^S g o 1 'i^^ni^-(7)4f14) ^ ^ 

X2^X-^^Sc Sgol (ORF:YOR073W) =Sr|W|^L/Co I*lH'&S c S G O 1 
GFPtS'^^t'ftlt^- ttcJ;o-C. S c S g o lomi*I<^^«t^ov>Tp-</io ScS 

go i-GFFimmmmi^is^^r±tLxw--'}'y v tvx^m^f^tz^^^ 

a.V-v3 ><7)^ t)Pl5e$tL^^-9--/-lr-y h -CO<^^m $ tt/^ (HI 8a) o ScSgol- 
GFP{iGl/'SW {'t^J^t'^mmmi^m'^J:^'^^^^ Z(±«!*I<^^**>'J^^ ^^^^^^ 

mh ^m^m (***:fe§<. =^^#{^ttv>;&m) -et±mM-t^ (iii8a) o K-^'h 

tiNdc 1 Oi!jM#^>^^-^St*^^l-'^^^^ (1118 b) o MI^^Si<7)FHl. ScS go 

1 - G F p iim-^m^mi^<7y^wi^x^m^M^K m-^^^mwi^^^--'^^ 

iZi5\.>XU^<^m^M^^ mSc) o Lfzi>^oX. ScSgo l^^^^•^->'t±5^ 
^^tC;fett-?. S p S g o 1 . RXJ^m^^^mz^ilr^ S p S g o 2 0/N-^->i::i&iaLTV- 

S o 

[0 0 3 9] 

ScSgo 10M=^P'<^/ci6i;. ScSGOl5tiS^*^9-S$-^^^o Scsgol 

tt^^L (HlSd) . «jm#M^a'^^S*i^*^'*^-t*7isLfco ^/i. ""^IZlil 
^UV^^T-^'-fe'f ^fflv^-^. Sc sgo 1 Ami:g^^Mmi:-ei^n^V-A4^^^=l: 

Jt«?Lfco 4 0%<OS c s g o 1 (^^f ^-"ZtSS^iJl 

) ^^^■T?v^^;&^ s^^a=3n-— r-«2%*?Slt?abo^c (118 e) o 

^m'^mmi^^^fzib\,z^ s c s go i>&-'iiiir.#i'i3v--cfi;»c'&^5:«'j^m7tbTv^^^^ 
^#it/to Scsgol £.mmmw^mmm<7)m'. ^ < <^«7&^'Mm^^^a-^'f 7 

-^-^y}ju-Y^^m<Dd-'b. c e n V-GFP<^59-ie>'-«^->*i^ MiS[|^_^^l^^^ 
o tfz. ?!7;vpKif'>;v*:^i^i5V^T^fe#S c SGO 1 1^1 3My c iJ'^=lr#ttS-«t:2 

^^^m-T) ^ti:M,^-ihVfz (08 g) o $<bic. ScSGOl-My cMfi^gJ 

-6^mmm<om.mi>^^^^'^nm'^y}'r2;<r(D^m^mmi^7j^\^ ( (Hi8h) . S'*^^ 
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^--J: 13/ 



^#=^iibrfw.#tt<^^«^^^K-t^±T-s c s g o 1 •^mm^j:um^mti l-os «? . 

o 

10 0 4 01 

{M^^m-^(0'y i 3* V > (T^i^^) 

Tffi»-e. vv'-9--;/:^7n<^rX • /i>°>'^S g o 2. iju ■ -blxifv^J^S c S g 

o 1. lkXf>^^u:^ii^'7 •i^^:y•^^B23Gl. 06 Q-^h^tzo ClttibO^ ^/N'^'StC 
2 ^XD^'^m.^M.^^B Ltz^ltTi^i^. BLOCK MAKER:5.t>llASTyn A (Nucleic Acids 
Res 26,309-12(1998), Bioinformatics 14, 48-54(1998)) i^mLX. 2 7*n-;/^i/- 

9<^)-?-ix-F:lx->3 "^i^a 'i?/^*a^DIn> Ce. vn^ ^ -^-X-^ A t > ■7«:7XMm:gL?>'li h H 
s ; iE^J#-^2 1-3 7#FB) o iOU X MiDrosophila ME I - S 3 3 2 =Sr^ 

^T-^3 i9 . ^ tLfi m Hu is S =^ ^f^^i" * *!> tC'il^S ^ 

^'^t LT#m#tt'btt/c^O-e^-g> (Cell 83, 247-256(1995)) «mtt<^):^=iT{± 
v-v*-:h;VT-*;5> (£#=10) o ';;^h4'> 'ft&O^TO^' >/N°^St±*>'^^^'>''V*3g 

2 00-7'n y ^ f^<D :^ t - ^ > ^ > ^^-^^ S.f^X'Q-^-^ ^ o ^fi(^(Dyti v i7 
{iME I -S 3 3 2Mt-tot:*mr*'2> tlilttft^«l^$tL-Ci/^* (Genes Dev. 12. 3 
843-3856(1998)) fz^. S g o 1 (^-^^^ a/z|litom^14i'ov>rp^*^o f^o itL 

(HI 1 0 ) o ME I - S 3 3 2 #tg<^/ci6 irm^T' 
ab^t L-C^ibtL*i5^#$tL^3 0(^T^ ^'^'b t/c, S g o 1 0^t6<^>/ii6l3'B^-e^ 
h =S:^V^tBL/c (ME I - S 3 3 2 tc^^t^ 1 3 N> 3 4 NlkXfZ 6 8 S ; S g o 1 
iCj3lt^2 9N> 5 0 i:S.a''2 9 4 S) (HI 9 O^epgPrg-) o $ ^ ^ 2 ^ n 1^(7) 
^(O^^^iLfzT 5ym(SgolC0293 P. 296 R> 298 K. 299 l.WZ 0 
OR) ■t'^TS g o i^tgt;:i:oTiei^^-e^) !9 m'dT ^) 7.^) , c: i -e-fli:!? $ 

[0 0 4 11 

m 1 1 ^^W<^ SgoltRecSi: (D^^mz J: oT> 1Wi*i^'fe:9'#:{±:t:^:9-^ 
4't':0'g|L^v>^i:^^i-gI-t?*;& (##^X 1 #P.?J „ a. I*lS14yn iJ' (r 
a d 2 l*Xfi r e c S^Ofc^O^^tt^feR^n-t- iJ', 25.r/S g o l*(Dtzib(D 
:^$5$iiyn^-^ P nm t 1 ) izX^X^^fifzMi^'^ir^m.-f'^ c e n 2 - 
GFP*ic=lr^ f-T5 >±iCX b V-^ L/io b. -^T 5 >tt^i<^^^^ 3 

0*C-e 1 sm^^m^fiti^ Padhl-rec8*Pnmt 1-sgo 1*«<7)^ 
^i^o fpmi^^mmziSX^^X cen2-GFP OT^^^-^t (T:^ ^5"; X ^ ) h fi^ 

o c. c e n 2-GFP07F:9-^'l::^'i^^ h L/^ (n>100) o d. Padhl- 
r e c 8*-GFP:^t. Pnmt 1-sgo l*im^^X. XHm^^irliZ (b) tm 

I1I21 tJ®f^^Hg=feRe c 8<D^mKx^x. m^^mz^\^^xwmm'^^i^<D^ 

^■^^^C^^t^mi-mX$>^ (##¥*2#BS) o :f'7X5. KpREP 4 1 - r e 
c 8-RDRD (©gif^pXtg^R e c 8 (Embo J 22, 5643-53(2003)) =^^^1"^) 
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it c e n2-GFPm:^ (+Re c 8-RDRD) (Dm^mzM^^tfi. « 

(-Re c 8-RDRD) =lr|W|#tc:^«L^Co Re c 8-RDRD#^^T 

0 *C-e 1 5 ^Fh1^«$ tL/cm<^^:$:o ^ _ ^ 

[HIS] :^^m<DSs o 1(±R e c 8 ^^Mir ^fzibK^^m t^iU -ettt^io c J 

3#BS) „ a. c e n2-GFP-ev-iJ'^*L/c*^ni^<^loirov^T. H^^M^ 
t>^I g o 1 Amt::i3tt'5>M^^^4'<7>^SI«rSa^l-^^ (n>l 7 0) o c e n 2 - 
GFPJE'^<7?^il^^°^->'^"^ll^^^'^^'^ ° s g o 1 Am(^^*>^)^'^^^^ 
■CV^;5> (^) c b. (me s 1 A Wit) t^<^i$$*c e n 2 - G F P K 

h(^:S^^76^ s g o 1 /^mmx-mhi!)^X-^^o c. (n>3 0) 

W^^^-^^-^i"^^ (n>100) K^^fitzmUX-. Re c 8-GFPvi5'-:J-;W 

tb2 («-2f-^-:^V» ^^^$-*^^:i:i::<t^> x e >- K;v=lr pim^kL/t ( 
CurrBiol 11, 836-45(2001)) o d. F F^^^m^^^fzC h I ?T'y-t4 

Lx mwim-^m: (me i a£^w±) <DmK. m±^fifM^xi/^7i^^f\^fzm^i$^ 

<^-9-> Y^^izisif^RecS-GFFly-Oi^^m^l^fZo -fcD^-^^-^JVit'yy'^yiJ 
n5-b;<. • y^-f-^- (cnt. imr. 

dg, dh, lysl, mesl) ^i^mvfzo ^ u *. 

[H 4 1 s g o 1 ti. ibJ!r.#JiIH^i^t^^^i-^ - ^ * 

m-rmx^^ (##¥*4#^) o a. T'-f/n^-Kpa t 1-1 1- 
1 1 4ffl» (Embo J 22, 5643-53(2003)) ommmm^m:^^ ^ >^ 
^^^^^DAP i^-fet::J;o-r*^i5'-L. g o i^W^m^^tz'^^^^ •^'^ 
n-yh-^ri^) S g o l<^iS'>'^^°i^Kl^^''^=^^yi^^-o 
tL^cy^T— ':^t^i3v>-c. Sgol (#^) (i^fe) ^^;dapi (4 

' 6' -diamidino-2-phenyl indole) (Wfe) trMib^fe 
Lf'o c mi s6^-CFP^*%?ti-^sgol^-GFPm*^«m^T2 
p-^/co Sgol-GFP (^fe) 25.tfMi S6-CFP (*m) ^E^a/^o d._^ 
G FF^WK i^&ChlPTy-fe-f =^fflv^T. ^-^^4'Wi::^Jli$^^:^c^Ba<^:^_| 
tL/c^fe#<^-9--f >^#i^i3tt^. S g o 1 -GFP V^;V?rSiJ^L/co ma t (^ 
-^Mit-fSi^^i'^tt^-^-T^n^n^^y^it) :S:IfTAS (-ru^ T^-^v-^Jr^:^ 

CFP-A t b 2*^^L-CXlf>'K;V (^fe) SrTO'fk-r^^$tLfcmt':feV- 
't- ^-^^P|.»itrS go 1-GFP (JH^fe) *^{±iL/io f. iim«lC:fev>TR 
e c 8-HA7i.>'S g 0 1 - F L A G =^#oTX{±#^-r t-^^^^ ttm^^^FLA 

G*n:#-e^^»L/io g. itm39^st::*5its->^=^v><^'f^ffl<^*^^^o 

[|2i5l ^N-/n^ Fp a t 1- 1 1 4m^ (w t ) . ^Xf c u t I - 2 0 GX^P 
r a d2 1- s 1 p imo|WiP^«lC:felt^S g o 1 tRe c SO^^SOg^J 

/-pTad2 1-slpim(i. si pi* (APC^SS'ffc<7)/^*li^*$tL^^ 
i^«CDC2 Oi^^n^- (Mol Cell Biol 17. 742-50(1997)) <D^-m.ifiim.^^<^ 
fBW^J$tL;5.o MM^^^^DAP l^-felCi Sgol. Rec825. 

^Re c 8^^$:;5:r;^^^^-^V>^#5rffiv>/c'>^^^>' " "^^^li^i ^J"^'^ 
^L/co c u t 1 - 2 0 em^-'jE-ir^ttiE^fc^t-S g 0 10^^S^©-T^N R 
e c Z(05^m\tm^fzo Prad21-slp im«±R e c 8 tlWIIil'S g o 1 O 

m«E#2 004-3119889 
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11161 s go i*i)'mm^K^^-t^^ti,zxy). c u 1 1 -2 o 6^M#<^^ft 

;^>Wj$^^^^^=^^■tEI•^-*)'5» (##W6#R^) o ^-fe^s go l^^n-^E-^ 
trP nm t iXtiP nm t 4 1 (P n m t l<7:)f|vv?- v 3 >') ii^^L. cutl 

ioTs g o 1 ^^^mmmm-r^ c u 1 1 - 2 o 6»j±^ i^^iaE-e^oT*>* 

^ti:7F^mx-^^ (##¥K7#?s) o a. 0> 5 Xfi 1 0 // g/m 1 O T B Z ^ 

mmmLfzo c. m-^mm^z.. ^^m. 25.y*'CFP-A t b 2 *^mLT;^ii> 

K;v (55^^) ^nTM-fbi-^ b u b 1 AaBtt::i3V^T. Sgo2-GFP (^it-fe) 'Sr:^ 

T^H^LfCo d. sgo2*-GFPmis 6*-HA«tS^L. ttGFP^ 
'»:3ir>'^HA*fu#:T'^'feL^v:o e. C h I P T y -b^ ^fflv^T. ^^m^MiZ^^^ 
irfzmmXitWmm^fi^'C's ^^tt/c^-fe^co-^j-^f h^#:iC:fev^XS g o 2-GF 

ins] :$:^?g(^m^^^vj:.=fv'>S c S go 1 <^l^*f^M=Sr7r:-#"llIt?^S (## 

^*8#M) o a. mm'pom^mms c sgo i-cFPr'-f ro^r k^^^/- 

;i/-e@SL. DAP l-e^Jt^fet/to b. ScSGOl-Myc NDCIO-H 
Amm^m^L. DAP iMV'lZMy cRXf^KAizMir^^^X-Pk'&l^i-Zo c. 
W.^X-m^^^^M^-t S c S GO 1 -GFPT'-f -/n^ K«rp« ^ ^ -^I'T?®^ t> 
DAP 1 T-*j-Jfc^feL/>:o d. OXtil 5 A/g/m 1 <^^^ ^^'^^'^tfYPDT'V- 
hlc. 7^^fifzi^mi^(Dmmmi<zm^!^^^^°y "^^-^^o e. 3n^--t^'i5'iJ ^iJ^- 
r-y-b-f t^U: IP^M (wt) S-W^'S c s g o 1 A^M'(*:tc*3tt^^fe#<^Ji^^ 

oTV><5>o ^'v^T-'f :r3> bn-;vi: LTu b r 1 A^Mif^^SriSfflL/^ (Nature 410 
, 955-9(2001)) o -ti^ ^ 'J >^'=in^-<7)MK?r|EITl*7]^-t- (n>120) o f. S 
csgolAxh^-;' Fi::i5tt^c e n V - G F P 0:55-^1 <0 o v Y y y KlC;fett 

(n= 2 0 0) irov>T«)^b/Co g. S c SGO 1-My >f T'D^ K(i|^Pfi«J 

^ $tLfc c e n V-GF Pco^S-^ilov^-Cp-^Tto iHI&{±il^^^— ^ 

uxkt\^tAy}fi)mit^m^'^^-^y^^^^'^^*^ (9 6%. n = 2 0 7) > ^m^- 

^UX^im^W^^'^fOm^-^ifiM-ii^^f^ (3 4%. n = 3 2 2) o h. ^^uir<0 
m-n^kc e n V-GFP•e•7-^'^^^^c«^imm^^«l&^tL. iftf-^-yV > 
t)L#25:t>'DAP IT-MJt^-fe^tL/co ^-^^M«0,m=lr. cenV-GFPKy 

b t;ov>T;tt*L/co ScSGOl-Myc mfiM^^^fe^S-^f^v^Tttji-O^Tt? 
:S>©f$tL/cc e nV-GFP Y -^mm^ZT^Lfzifi (7 2%. n= 1 3 8) . > 

hn-;v&^MMti^$^J5**<'^ « 2 %, n=10 6) o 

[1191 m^<r>^m\zm^^. ->^r/>/>'^m^>^-?i5'S^T5y*^<^3-f ;vk3 

#BS.) „ s go lcOT5^*^^i^4^*5lt* I>^ci5^ijti->^^^y*n5-fe;^ • 
(S g o 1 go 2) . (S c S g o 1) ^XfTiJ^^-yiJy^ (B 2 3 G 

1. 0 6 0) {C>(^^l?^tt, ME I - S 3 3 2 t^tf'f&com<^'>-'>->;^{±^^#^ttT 
v^:5:v>7&^ J&ib <^t:7&^=i^;v ^ )]y^^-y ^^^VX\^^h (CO I L S T^n^r 
(Science 252. 1162-4(1991)) Ki^^^M) o Hi^TPi-^Ep. T^iJ^U^^.^®. 
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m 1 oTh^^f^^^^Mi^x'^cfz s g o i^mi^^m-<fz^^^7F-rmx-^^ ( 

0#B5) o m^fitzzTyT.^ K-e5g®lE«l$ti./ih* s go 1 AS^'h- s 
go 1 Ac e n2-GFPm<7)«^. S P V- h "e^i^L. ^^l^^-^^j^ 
istt^c e n 2-GFPO^?il'OV^T^-iJ'-L/Cc s go 1 ^fl^^^i^S /c^l^ 

psi^mLfzo KpREPs 1-s go 1 !;*'^^='r:i° 
^=^^^a-r;i.m^i^ vvtJ^A^r^jii (50%^^) t^u/co 

2 9 7TA*l^i. ^$:i^/c^^#{±^^;f^'^'^>> - <^T -y-fe^ s g o 1 A • 
^L'S:56-o/co 2oOJffi2:Lfc^®l<^¥J^^&^7P^^i'TV^^ (n>10 0) o 
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SEQUENCE LISTING 


<110> 


Japan Science and Technology Agency 


<120> 


Novel centromeric protein SHUGOSHIN 


<130> 


B44P01 


<160> 


37 


<170> 


Patentin version 3.1 




1 
1 


<211> 


960 


<212> 


DNA 


<213> 


yeast 


<400> 


1 



atgaactttc aatttataaa ttcaaatata aacaatgaag ataaattgcc gatggagtcg 60 

ttgaaaaaga aatttttaaa acaaaatcgt gaaattataa aaataaatac tcagctttct 120 

ataaaaatta gagaatctga aaacgaaatt caagatttga tacaagaaaa tttcactttg 180 

aaaagttatt tggttaaact tgaagctcga tttcgcaatc aatctcaaac tgaggacttg 240 

ttaaaaaact tctttcctga gatacaaacc attcacaaaa agatttcaca agtgcaaagt 300 

ttactgaaga ttatagagaa aaagtgttca tcagatttcc tcgaagcgaa tgtaaaaagt 360 

caatttacaa cctgtgaaaa taaagattcg aaagaagatt atcagatttt gcataataaa 420 

cgcttggagt atgtatcatt taatgatgaa cttaaaagtc tcgaaacagg gcaaccattg 480 

tattgttttc aagatttcca aaaaaaagtc catggtcctc cggctctatc tgaaaaacct 540 

ggaaaatgta tattaaaaga taaaaccaat gcccacgtaa acaaaatacc acaagatgag 600 

gtgaattact cattgccgca aaaaaatatc accatctttt caaaggaatt aaaagaaaac 660 

gaatttgaat ccatcaacga gggcgaaact gaagaagaaa aggctaaaac atcaaatgtt 720 

tgtgtttgta ttccttgtaa aagtgctgaa cagataactg accttaaagg acaagcaacc 780 

ggagacagct ccccatgtga ttttgaagaa tctcaaccaa ggattaatgg acgtgaaaaa 840 

ctaagacgat cagtcaaagt gataaactat gcaataccca gtttgcgaac taaactacga 900 

cgagactttg acttaccatc tgatagaaaa cgcaaacgac atcccagagg caaagcataa 960 
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<210> 2 

<211> 319 

<212> PRT 

<213> yeast 

<400> 2 

Met Asn Phe Gin Phe He Asn Ser Asn He Asn Asn Glu Asp Lys Leu 
15 10 15 



Pro Met Glu Ser Leu Lys Lys Lys Phe Leu Lys Gin Asn Arg Glu He 
20 25 30 



He Lys He Asn Thr Gin Leu Ser He Lys He Arg Glu Ser Glu Asn 
35 40 45 



Glu He Gin Asp Leu He Gin Glu Asn Phe Thr Leu Lys Ser Tyr Leu 
50 55 60 



Val Lys Leu Glu Ala Arg Phe Arg Asn Gin Ser Gin Thr Glu Asp Leu 
65 70 75 80 



Uu Lys Asn Phe Phe Pro Glu He Gin Thr He His Lys Lys He Ser 
85 90 95 



Gin Val Gin Ser Leu Leu Lys He He Glu Lys Lys Cys Ser Ser Asp 
100 105 110 



Phe Leu Glu Ala Asn Val Lys Ser Gin Phe Thr Thr Cys Glu Asn Lys 
115 120 125 



Asp Ser Lys Glu Asp Tyr Gin He Leu His Asn Lys Arg Leu Glu Tyr 
130 135 140 



Val Ser Phe Asn Asp Glu Leu Lys Ser Leu Glu Thr Gly Gin Pro Leu 
145 150 155 160 



Tyr Cys Phe Gin Asp Phe Gin Lys Lys Val His Gly Pro Pro Ala Leu 

miE# 2004-3119889 
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165 170 175 



Ser Glu Lys Pro Gly Lys Cys He Leu Lys Asp Lys Thr Asn Ala His 
180 185 190 



Val Asn Lys He Pro Gin Asp Glu Val Asn Tyr Ser Leu Pro Gin Lys 
195 200 205 



Asn He Thr He Phe Ser Lys Glu Leu Lys Glu Asn Glu Phe Glu Ser 
210 215 220 



He Asn Glu Gly Glu Thr Glu Glu Glu Lys Ala Lys Thr Ser Asn Val 
225 230 235 240 



Cys Val Cys He Pro Cys Lys Ser Ala Glu Gin He Thr Asp Leu Lys 
245 250 255 



Gly Gin Ala Thr Gly Asp Ser Ser Pro Cys Asp Phe Glu Glu Ser Gin 
260 265 270 



Pro Arg He Asn Gly Arg Glu Lys Leu Arg Arg Ser Val Lys Val He 
275 280 285 



Asn Tyr Ala He Pro Ser Leu Arg Thr Lys Leu Arg Arg Asp Phe Asp 
290 295 300 



Leu Pro Ser Asp Arg Lys Arg Lys Arg His Pro Arg Gly Lys Ala 

310 315 



305 




<210> 


3 


<211> 


1944 


<212> 


DM 


<213> 


yeast 


<400> 


3 



tataaggaaa ttatacgaat aagcaaggca caatcaatta gaattaaaga attgcagtta 120 



gaaaatgaac ggttgctttc ggaaaatatc gatttgagga ctacagcgat aaacttggaa 180 

aiiiE#2 004-3119889 
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gagcaactcg aaaccgtgca aaacgaaaac gaagaaaaca aaacaaagtt agctgcatta 240 

cttaatcgat ttcatgaaga aacagataat tttttatcaa aattaagtct ttgtcagcaa 300 

gaaatacaag acaccttcaa accagtggag gctaacttag cttacgatgt cgatacggat 360 

tctgaagacc ttgacgagga atccgtcgtg aaagataccg aagaaataat tgagcaagct 420 

cagcatgatg tttccttacg aaatttaagt ggaatagagg atgaaaatat aattgatgac 480 

ggagaaactg ctataaatga acaaaaaaaa agagaagcta atgttttttc cgacacgcaa 540 

tcagcacctc agctaaaatc cggcaaagcc ctcccagctg attttgaaaa tccttacaat 600 

ctatccaatt cgaaacctgt aaataataat aatgaagata gagttgaagc ggttacttct 660 

gaaaataaat ctatcgattc tgctcctcag gaaaaaaatc atgaatacga aatcgttagt 720 

ccaaaatcat tatccaacaa aattaataat caagcagctg cacaaagaag aaccgaagaa 780 

gataatgcaa atggagttgc tcaagaagaa aatgagggtt cacaagaagc tcattttcat 840 

agcagaatac aatctgatac agtaatacaa agtacaccca ctaaacggaa atgggacgtt 900 

gacattcaaa ataaacaaat taatctggct tctgcagcta ccaatgttac cggttatgta 960 

tcggagaccg atagtcgccc caatcgcgca aactctttgg attctgctgt ccttcttgtg 1020 

caatcttcaa ataaaagtaa ccgaaatggg catcatattt cagatcctaa tttaaatagc 1080 

tccatatcgt tgaagtttgc gcctgaagat actgcgcata attcattaac ttcacaagag 1140 

aatgttgggc ctcaggttac gacgacttct ctgtcaaata tgactgttgc tgaatctcct 1200 

cgtacagaca ctccaaggga aataaacggg ttagtagact cttctgtcac taatgggaac 1260 

gaaaaatttt ctgtagaaat aatgaatgac tctaacaaaa ttggactgaa tcctaaatct 1320 

tttaccgacg aagagcggga aattttaaca ctttttcgaa atcctcccat gagactgtca 1380 

agtgaacctc catcttcaaa tggattttca atagcccatc ccaataattc tccgttacgt 1440 

ccgccatcgc tacaaggaat attgaatgct gaagatcgac cttacgaaat tgagccgtca 1500 

cgtagctcct ttgctaccaa cgatacgggc tcctataata atttggaact tctgtcatct 1560 

gtaacgaatt tgaaatcccc taatgagaac gatcgtgtga cgaaaactca gtcgcgaaga 1620 

gaaacaaaag tgaaaaggcg aagaaaagct cggattcaag aaacttctga agaaagtaca 1680 

miE# 2004-3119889 
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gtagtcaatg agccaaatga aaaacctgat ggaaggagcc gaagggaacg gaaaaaggtt 1740 

aattacgctt tgcctggatt aaggacgaaa ttaagacgga atttcgattt. accttcagat 1800 

catgtaaaag ctaaaaaaac gagacgtgct cctaagaact ctgagaatga ttcagctacc 1860 

aaaacagaaa ccgcaaacat tacttctgaa gcacccacta cttcagaagt aacccttgaa 1920 

aactccgaaa cccttaattt gtaa ^^^^ 



<210> 4 

<211> 647 

<212> PRT 

<213> yeast 

<400> 4 

Met Ser Lys Ala Ser Leu Ser Pro Asn Val Glu Asp Leu Lys Lys Lys 
15 10 15 



Gin He Arg Gin Tyr Lys Glu He He Arg He Ser Lys Ala Gin Ser 
20 25 30 



He Arg He Lys Glu Leu Gin Leu Glu Asn Glu Arg Leu Leu Ser Glu 
35 40 45 



Asn He Asp Leu Arg Thr Thr Ala He Asn Leu Glu Glu Gin Leu Glu 
50 55 60 



Thr Val Gin Asn Glu Asn Glu Glu Asn Lys Thr Lys Leu Ala Ala Leu 
65 70 75 80 



Leu Asn Arg Phe His Glu Glu Thr Asp Asn Phe Leu Ser Lys Leu Ser 
85 90 95 



Leu Cys Gin Gin Glu He Gin Asp Thr Phe Lys Pro Val Glu Ala Asn 
100 105 110 



Leu Ala Tyr Asp Val Asp Thr Asp Ser Glu Asp Leu Asp Glu Glu Ser 
115 120 125 
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Val Val Lys Asp Thr Glu Glu He He Glu Gin Ala Gin His Asp Val 
130 135 140 

Ser Leu Arg Asn Leu Ser Gly He Glu Asp Glu Asn He He Asp Asp 
145 150 155 160 



Gly Glu Thr Ala He Asn Glu Gin Lys Lys Arg Glu Ala Asn Val Phe 
165 170 175 



Ser Asp Thr Gin Ser Ala Pro Gin Leu Lys Ser Gly Lys Ala Leu Pro 
180 185 190 



Ala Asp Phe Glu Asn Pro Tyr Asn Leu Ser Asn Ser Lys Pro Val Asn 
195 200 205 

Asn Asn Asn Glu Asp Arg Val Glu Ala Val Thr Ser Glu Asn Lys Ser 
210 215 220 

He Asp Ser Ala Pro Gin Glu Lys Asn His Glu Tyr Glu He Val Ser 
225 230 235 240 

Pro Lys Ser Leu Ser Asn Lys He Asn Asn Gin Ala Ala Ala Gin Arg 
245 250 255 

Arg Thr Glu Glu Asp Asn Ala Asn Gly Val Ala Gin Glu Glu Asn Glu 
260 265 270 

Gly Ser Gin Glu Ala His Phe His Ser km He Gin Ser Asp Thr Val 
275 280 285 

He Gin Ser Thr Pro Thr Lys Arg Lys Trp Asp Val Asp He Gin Asn 
290 295 300 



Lys Gin He Asn Leu Ala Ser Ala Ala Thr Asn Val Thr Gly Tyr Val 
305 310 315 320 



Ser Glu Thr Asp Ser Arg Pro Asn Arg Ala Asn Ser Leu Asp Ser Ala 
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325 330 335 



Val Leu Leu Val Gin Ser Ser Asn Lys Ser Asn Arg Asn Gly His His 
340 345 350 



He Ser Asp Pro Asn Leu Asn Ser Ser He Ser Leu Lys Phe Ala Pro 
355 360 365 



Glu Asp Thr Ala His Asn Ser Leu Thr Ser Gin Glu Asn Val Gly Pro 
370 375 380 



Gin Val Thr Thr Thr Ser Leu Ser Asn Met Thr Val Ala Glu Ser Pro 
385 390 395 400 



Arg Thr Asp Thr Pro Arg Glu He Asn Gly Leu Val Asp Ser Ser Val 
405 410 415 



Thr Asn Gly Asn Glu Lys Phe Ser Val Glu He Met Asn Asp Ser Asn 
420 425 430 



Lys He Gly Leu Asn Pro Lys Ser Phe Thr Asp Glu Glu Arg Glu He 
435 440 445 



Leu Thr Leu Phe Arg Asn Pro Pro Met Arg Leu Ser Ser Glu Pro Pro 
450 455 460 



Ser Ser Asn Gly Phe Ser He Ala His Pro Asn Asn Ser Pro Leu Arg 
465 470 475 480 



Pro Pro Ser Leu Gin Gly He Leu Asn Ala Glu Asp Arg Pro Tyr Glu 
485 490 495 



He Glu Pro Ser Arg Ser Ser Phe Ala Thr Asn Asp Thr Gly Ser Tyr 
500 505 510 



Asn Asn Leu Glu Leu Leu Ser Ser Val Thr Asn Leu Lys Ser Pro Asn 
515 520 525 
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Glu Asn Asp Arg Val Thr Lys Thr Gin Ser Arg Arg Glu Thr Lys Val 
530 535 540 



Lys Arg Arg Arg Lys Ala Arg He Gin Glu Thr Ser Glu Glu Ser Thr 
545 550 555 560 



Val Val Asn Glu Pro Asn Glu Lys Pro Asp Gly Arg Ser Arg Arg Glu 
565 570 575 



Arg Lys Lys Val Asn Tyr Ala Leu Pro Gly Leu Arg Thr Lys Leu Arg 
580 585 590 



Arg Asn Phe Asp Leu Pro Ser Asp His Val Lys Ala Lys Lys Thr Arg 
595 600 605 



Arg Ala Pro Lys Asn Ser Glu Asn Asp Ser Ala Thr Lys Thr Glu Thr 
610 615 620 



Ala Asn He Thr Ser Glu Ala Pro Thr Tbi Ser Glu Val Thr Leu Glu 
625 630 635 640 



Asn Ser Glu Thr Leu Asn Leu 
645 



<210> 5 
<211> 1773 
<212> DNA 
<213> yeast 

<400> 5 ^ . an 

atgccgaaga gaaaaattgc tcctaacaag gaaagcagca ggcgtacggt ctcccacgat bU 

gatttaaccc cacaaataca agaatttcaa aacctaatgg atctcgaatc gcaaaaagtg 120 

gaaaacatca gacagtcgta ttcgaggcaa aactccctgc tggccaagga taactccata 180 

ttaaaaatta aagttaatag cttggaaaaa aaaataagcc agctggtaca agaaaacgtg 240 

actctacgat ctaaaacctc tataagcgaa gctatctaca gggaacggtt aagtaatcaa 300 

ctacaagtca ttgaaaacgg tattattcaa agatttgacg aaatttttta tatgtttgag 360 
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aacgtacgta aaaacgaaaa tttgcccagt tcgagcttaa gaacaatgtt gaagagaacg 420 

agttccaggt caagatcatg ctcattgtca tcacccacat actcaaaaag ttacactagg 480 

ttatcaaatc acgagaataa cctgtcgcat gaatcaagtt ttaacaagga cgatggtcca 540 

gatcttgagc ctaaggctaa aaaaaggaag agttctaggc ggcaatctat gtttgtatcc 600 

acgagtttag aacctgaaga cgaaaccggt gaaaacgaac ccatgatgga aaattcctct 660 

gtagaggtac cggcagaatc acacgagtct gcgcaagtgg aggaaacaat agatgcctta 720 

aaccctgaag aggaaaatag cgattctgtc agtaatttta ccaattcaat tatagaatac 780 

tccataccag aggagaatcc gacagaaccc gagcattcat cttctaaact agaaatattc 840 

aatgacagta caaatatgct aagtacagtg ccgtcaaatc ctttgccgtt gcctttacca 900 

ggcccatccg caactttacc tactaccact agcgatgctt caacggtcta tccttcatca 960 

agttcttcta ctaattctca tccaaagacc aaaattaagc attccatgaa gccgcctagg 1020 

atagaactga agaaaaaggt tattgacgaa gtcatgcccg taagtaacat gagcagcaac 1080 

agcgaaatat catttacgag aactagaaga actcgtggta aagctgtaga ttacactttg 1140 

ccttctttaa gagccaaaat gaggaggcct tcagaaaaac ttgtggatgc tactactgtg 1200 

attgatatac atgatctaca ggtttccaag agaaatcggg aaacttcaca taaaaggaaa 1260 

agtttatccc aagattcaat acccgacgaa ccgcaattga gagaagtcgt cgtctcaaag 1320 

gattatggaa ctccaaaagg gaaaaaaacg gaagatgaaa tacacgagga taccgctcat 1380 

ctaatgacca cttccaacaa caacagcaac aacaaaaacg aaaaaaaact aactagcaac 1440 

aatagcccta aaaaatcgtc gcctttactt gacattacaa ataaatcgga gaataagaaa 1500 

aagtcaacaa gaactaaaaa attgttcaaa aatgcaattg tcaataattt atctgatgaa 1560 

aattctacta cgcgaccctc caagtcgtca aagggaacca gtaataataa caacaattac 1620 

aacaatttcg acaataacaa ttcaaacatt aataatgtta ataataaatc tgttagcttt 1680 

agactaaatg aagatgattt agcagtattt gatttatttg gaaatggtaa ggcagtgaaa 1740 

catcaaccaa aaacatatcg caccaaaaaa tga 1773 
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<210> 6 

<211> 590 

<212> PRT 

<213> yeast 

<400> 6 

Met Pro Lys Arg Lys He Ala Pro Asn Lys Glu Ser Ser Arg Arg Thr 
15 10 15 



Val Ser His Asp Asp Leu Thr Pro Gin He Gin Glu Phe Gin Asn Leu 
20 25 30 



Met Asp Leu Glu Ser Gin Lys Val Glu Asn He Arg Gin Ser Tyr Ser 
35 40 45 



Arg Gin Asn Ser Leu Leu Ala Lys Asp Asn Ser He Leu Lys He Lys 
50 55 60 



Val Asn Ser Leu Glu Lys Lys He Ser Gin Leu Val Gin Glu Asn Val 
65 70 75 80 



Thr Leu Arg Ser Lys Thr Ser He Ser Glu Ala He Tyr Arg Glu Arg 
85 90 95 



Leu Ser Asn Gin Leu Gin Val He Glu Asn Gly He He Gin Arg Phe 
100 105 HO 



Asp Glu He Phe Tyr Met Phe Glu Asn Val Arg Lys Asn Glu Asn Leu 
115 120 125 



Pro Ser Ser Ser Leu Arg Thr Met Leu Lys Arg Thr Ser Ser Arg Ser 
130 135 140 



Arg Ser Cys Ser Leu Ser Ser Pro Thr Tyr Ser Lys Ser Tyr Thr Arg 
145 150 155 160 



Leu Ser Asn His Glu Asn Asn Leu Ser His Glu Ser Ser Phe Asn Lys 
165 170 175 
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Asp Asp Gly Pro Asp Leu Glu Pro Lys Ala Lys Lys Arg Lys Ser Ser 
180 185 190 



Arg Arg Gin Ser Met Phe Val Ser Thr Ser Leu Glu Pro Glu Asp Glu 
195 200 205 



Thr Gly Glu Asn Glu Pro Met Met Glu Asn Ser Ser Val Glu Val Pro 
210 215 220 



Ala Glu Ser His Glu Ser Ala Gin Val Glu Glu Thr He Asp Ala Leu 
225 230 235 240 



Asn Pro Glu Glu Glu Asn Ser Asp Ser Val Ser Asn Phe Thr Asn Ser 
245 250 255 



He He Glu Tyr Ser He Pro Glu Glu Asn Pro Thr Glu Pro Glu His 
260 265 270 



Ser Ser Ser Lys Leu Glu He Phe Asn Asp Ser Thr Asn Met Leu Ser 
275 280 285 



Thr Val Pro Ser Asn Pro Leu Pro Leu Pro Leu Pro Gly Pro Ser Ala 
290 295 300 

Thr Leu Pro Thr Thr Thr Ser Asp Ala Ser Thr Val Tyr Pro Ser Ser 
305 310 315 320 



Ser Ser Ser Thr Asn Ser His Pro Lys Thr Lys He Lys His Ser Met 
325 330 335 



Lys Pro Pro Arg He Glu Leu Lys Lys Lys Val He Asp Glu Val Met 
340 345 350 



Pro Val Ser Asn Met Ser Ser Asn Ser Glu He Ser Phe Thr Arg Thr 
355 360 365 



Arg Arg Thr Arg Gly Lys Ala Val Asp Tyr Thr Leu Pro Ser Leu Arg 
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370 375 380 



Ala Lys Met Arg Arg Pro Ser Glu Lys Leu Val Asp Ala Thr Thr Val 
385 390 395 400 



He Asp He His Asp Leu Gin Val Ser Lys Arg Asn Arg Glu Thr Ser 
405 410 415 



His Lys Arg Lys Ser Leu Ser Gin Asp Ser He Pro Asp Glu Pro Gin 
420 425 430 



Leu Arg Glu Val Val Val Ser Lys Asp Tyr Gly Thr Pro Lys Gly Lys 
435 440 445 



Lys Thr Glu Asp Glu He His Glu Asp Thr Ala His Leu Met Thr Thr 
450 455 460 



Ser Asn Asn Asn Ser Asn Asn Lys Asn Glu Lys Lys Leu Thr Ser Asn 
465 470 475 480 



Asn Ser Pro Lys Lys Ser Ser Pro Leu Leu Asp He Thr Asn Lys Ser 
485 490 495 



Glu Asn Lys Lys Lys Ser Thr Arg Thr Lys Lys Leu Phe Lys Asn Ala 
500 505 510 



He Val Asn Asn Leu Ser Asp Glu Asn Ser Thr Thr Arg Pro Ser Lys 
515 520 525 



Ser Ser Lys Gly Thr Ser Asn Asn Asn Asn Asn Tyr Asn Asn Phe Asp 
530 535 540 



Asn Asn Asn Ser Asn He Asn Asn Val Asn Asn Lys Ser Val Ser Phe 
545 550 555 560 



Arg Leu Asn Glu Asp Asp Leu Ala Val Phe Asp Leu Phe Gly Asn Gly 
565 570 575 
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300 
360 
420 



Lys Ala Val Lys His Gin Pro Lys Thr Tyr Arg Thr Lys Lys 
580 585 590 



<210> 7 
<211> 2325 
<212> DNA 

<213> Neurospora crassa 

<400> 7 

atggcccgcc tcaacgaaca agccatgtcg tctgtcgcgt tgtcaacaga caatctcgag 60 

ctcctgcgta ggaagttcct cagacaaaac agagatattg ctcgagtcaa ttccacacag 120 

tcactccgta tccgtgggtt ggagaatgaa tgcgctcgtt tgctgtcgga aaacctcgaa 180 

ctccgtggtc aggtcttgcg cctcgaaaag gagctccaag acaacgctgc gcgaagggtg 240 

gccgatcatg cgctcgaggt caaggccaag atggagacgc agttggcgga actcagttcg 

ctgctggcaa gcttagggga gccgccctcg aagcggcgcc tttcagaaga gaggcgatac 

gcgcagcctc gaccgagcgt tcaccggagc cctcccttac gaagagcacg ccaggaggcc 

gaccaggaac tactggctga gcaggaagga aggctaccgc cgatatacga gaacaagacg 480 

tatgcgcgag ccacaatgaa cagtgaagaa atcctggcgc tgtgcatgca ggcagacgat 540 

tcgaatgact cgccagatat cggaccgccg ccagtatcta ggtttgtcga ggatgatatg 600 

gtcatacctt gttcaccatc gccaaacaag aacgccgagg ctgaagaaac ggaaactacc 660 

gagcaagtgg aagagagccc tagggctctt caagtaccgc cgtcattatc gccgcctaaa 720 

ctggactacg acaggagacc aaacatgatc ctattcagcc cacccaaaga atcgagagtg 780 

gcagaaccct ccaaaatgtt cagtccccct ccgatggaac caccgaaaca gtccacatcg 840 

gctgtaccga gtgagacaat acgagcaggc ctcaagcgaa agttgaacgg cgacaaccaa 900 

aacgaaccca acaaggcaac caagcttcaa caaggaaagg agaatggcaa tgagactggg 960 

atcaagaaag gactctctgc ccgcgacccg cacaagagga aaagcatcaa agagaccgca 1020 

acgaaaccga gagccccgct gtcagcaaag agcacgaacg agcacattgt ctctccgaag 1080 

aagccggcga agccccacca agtggccgac gattttaagc cggtgaaggt gcacaaggcg 1140 

tcaaagggta aagagaaagt cgacctgccc gctccggaca agaagtcagc agtagaagaa 1200 
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acgcaaggaa attctacgtc ggcattcacg aaagtcgaga tcctcccgcc ggctctggaa 1260 

cctactcctg aagttgcaga gattcctgaa accgatattc tgatcacacc tggaacacca 1320 

gagcgcgcct ctgaaagcac tgttgtgacc cacgataccc cgccgccagc ccacatttca 1380 

tccaatggag agacgtcgcg gcctagcagg cgtgctagag cggctatcag ctatacagag 1440 

cccaatctgc gcgacaagat gcgacgaccg accaaagagc tctttgatgc cgtttctggg 1500 

gagggcaagt tcctacacag gccgacatcg caacagcaac agcagcaacg caagggcgac 1560 

gagtcagcac cgacgtcagt tagcaaggtc aaggtcgagc catcgccggc ggtggatata 1620 

agtagtctga ccagcagtgc gctgtttgaa aaagagaagg agaaggaacc acagccggat 1680 

gaaggaatat tatctccaaa cggcatcctc ccaagctcag tagacctggg aaggagaaga 1740 

cgcgcctcat ccttctctac tgcagcccct gcaatgacaa ttccttcggt ccaagaacaa 1800 

tcaactctaa acctcccagc cgcggacgag accgatgaaa acgccgcggt cgaggctcag 1860 
attcagaagg agctgagtaa tagtattaca acacggccca ggggtggaaa ggggaggcaa 1920 
tcaatgagcc gttccgtacc cacgatccca acagaaaatt acgagcacga ggacgcacaa 1980 
ctctcgacga actcagcctc ggtggatctt tacgactttg ctagttgtgc gtctccggat 2040 
agcgcagcac cccagctaga agcgactacc ggcgatgttc ctgttaataa gaaggcaccc 2100 
aaaggttcaa gaagagcgtc ctcagctgct tcgaccgaga caacagcaac agcatccgca 2160 
aagccaagat cttcccgaaa aagggcttcg atgctggtgc cgaagaaaag cttgtgggct 2220 
gaagagttag cgcaggagga agaggatgag gaagatgtcg gcaatgacag tggcgggtcc 2280 
ttgtccaagg ggagggcctc gaggaggaga agcatgatgc tttga 2325 

<210> 8 
<211> 774 
<212> PRT 

<213> Neurospora crassa 
<400> 8 

Met Ala Arg Leu Asn Glu Gin Ala Met Ser Ser Val Ala Leu Ser Thr 
15 10 15 
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Asp Asn Leu Glu Leu Leu Arg Arg Lys Phe Leu Arg Gin Asn Arg Asp 
20 25 30 



He Ala Arg Val Asn Ser Thr Gin Ser Leu Arg He Arg Gly Leu Glu 
35 40 45 



Asn Glu Cys Ala Arg Leu Leu Ser Glu Asn Leu Glu Leu Arg Gly Gin 
50 55 60 



Val Leu Arg Leu Glu Lys Glu Leu Gin Asp Asn Ala Ala Arg Arg Val 
65 70 75 80 



Ala Asp His Ala Leu Glu Val Lys Ala Lys Met Glu Thr Gin Leu Ala 
85 90 95 



Glu Leu Ser Ser Leu Leu Ala Ser Leu Gly Glu Pro Pro Ser Lys Arg 
100 105 110 



Arg Leu Ser Glu Glu Arg Arg Tyr Ala Gin Pro Arg Pro Ser Val His 
115 120 125 



Arg Ser Pro Pro Leu Arg Arg Ala Arg Gin Glu Ala Asp Gin Glu Leu 
130 135 140 



Leu Ala Glu Gin Glu Gly Arg Leu Pro Pro He Tyr Glu Asn Lys Thr 
145 150 155 160 



Tyr Ala Arg Ala Thr Met Asn Ser Glu Glu He Leu Ala Leu Cys Met 
165 170 175 



Gin Ala Asp Asp Ser Asn Asp Ser Pro Asp He Gly Pro Pro Pro^Val 
180 185 190 



Ser Arg Phe Val Glu Asp Asp Met Val He Pro Cys Ser Pro Ser Pro 
195 200 205 



Asn Lys Asn Ala Glu Ala Glu Glu Thr Glu Thr Thr Glu Gin Val Glu 
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210 215 220 



Glu Ser Pro Arg Ala Leu Gin Val Pro Pro Ser Leu Ser Pro Pro Lys 
225 230 235 240 



Leu Asp Tyr Asp Arg Arg Pro Asn Met He Leu Phe Ser Pro Pro Lys 
245 250 255 



Glu Ser Arg Val Ala Glu Pro Ser Lys Met Phe Ser Pro Pro Pro Met 
260 265 270 



Glu Pro Pro Lys Gin Ser Thr Ser Ala Val Pro Ser Glu Thr He Arg 
275 280 285 



Ala Gly Leu Lys Arg Lys Leu Asn Gly Asp Asn Gin Asn Glu Pro Asn 
290 295 300 



Lys Ala Thr Lys Leu Gin Gin Gly Lys Glu Asn Gly Asn Glu Thr Gly 
305 310 315 320 



He Lys Lys Gly Leu Ser Ala Arg Asp Pro His Lys Arg Lys Ser He 
325 330 335 



Lys Glu Thr Ala Thr Lys Pro Arg Ala Pro Leu Ser Ala Lys Ser Thr 
340 345 350 



Asn Glu His He Val Ser Pro Lys Lys Pro Ala Lys Pro His Gin Val 
355 360 365 



Ala Asp Asp Phe Lys Pro Val Lys Val His Lys Ala Ser Lys Gly Lys 
370 375 380 



Glu Lys Val Asp Leu Pro Ala Pro Asp Lys Lys Ser Ala Val Glu Glu 
385 390 395 400 



Thr Gin Gly Asn Ser Thr Ser Ala Phe Thr Lys Val Glu He Leu Pro 
405 410 415 
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Pro Ala Leu Glu Pro Thr Pro Glu Val Ala Glu He Pro Glu Thr Asp 
420 425 430 



He Leu He Thr Pro Gly Thr Pro Glu Arg Ala Ser Glu Ser Thr Val 
435 440 445 



Val Thr His Asp Thr Pro Pro Pro Ala His He Ser Ser Asn Gly Glu 
450 455 460 



Thr Ser Arg Pro Ser Arg Arg Ala Arg Ala Ala He Ser Tyr Thr Glu 
465 470 475 480 



Pro Asn Leu Arg Asp Lys Met Arg Arg Pro Thr Lys Glu Leu Phe Asp 
485 490 495 



Ala Val Ser Gly Glu Gly Lys Phe Leu His Arg Pro Thr Ser Gin Gin 
500 505 510 



Gin Gin Gin Gin Arg Lys Gly Asp Glu Ser Ala Pro Thr Ser Val Ser 
515 520 525 



Lys Val Lys Val Glu Pro Ser Pro Ala Val Asp He Ser Ser Leu Thr 
530 535 540 



Ser Ser Ala Leu Phe Glu Lys Glu Lys Glu Lys Glu Pro Gin Pro Asp 
545 550 555 560 



Glu Gly He Leu Ser Pro Asn Gly He Leu Pro Ser Ser Val Asp Leu 
565 570 575 



Gly Arg Arg Arg Arg Ala Ser Ser Phe Ser Thr Ala Ala Pro Ala Met 
580 585 590 



Thr He Pro Ser Val Gin Glu Gin Ser Thr Leu Asn Leu Pro Ala Ala 
595 600 605 



Asp Glu Thr Asp Glu Asn Ala Ala Val Glu Ala Gin He Gin Lys Glu 
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610 615 620 



Leu Ser Asn Ser He Thr Thr Arg Pro Arg Gly Gly Lys Gly Arg Gin 
625 630 635 640 



Ser Met Ser Arg Ser Val Pro Thr He Pro Thr Glu Asn Tyr Glu His 
645 650 655 



Glu Asp Ala Gin Leu Ser Thr Asn Ser Ala Ser Val Asp Leu Tyr Asp 
660 665 670 



Phe Ala Ser Cys Ala Ser Pro Asp Ser Ala Ala Pro Gin Leu Glu Ala 
675 680 685 



Thr Thr Gly Asp Val Pro Val Asn Lys Lys Ala Pro Lys Gly Ser Arg 
690 695 700 



Arg Ala Ser Ser Ala Ala Ser Thr Glu Thr Thr Ala Thr Ala Ser Ala 
705 710 715 720 



Lys Pro Arg Ser Ser Arg Lys Arg Ala Ser Met Leu Val Pro Lys Lys 
725 730 735 



Ser Leu Trp Ala Glu Glu Leu Ala Gin Glu Glu Glu -Asp Glu Glu Asp 
740 745 750 



Val Gly Asn Asp Ser Gly Gly Ser Leu Ser Lys Gly Arg Ala Ser Arg 
755 760 765 



Arg Arg Ser Met Met Leu 
770 



<210> 9 
<211> 1671 
<212> DNA 

<213> Arabidopsis thai i ana 
<400> 9 

atggttcgag cgacggttct gaatgtcggt gatcacgcca gtgaaggtgt gcgtactaac 60 

mWW 2004-3119889 
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aaagctaaag gagagaaaat ggttctggaa cctccgatga acagtgcaca aagacgaaag 120 

ttgggggata ttactaattt gcagaatcag aagaatctaa tgaatcaggg agcgaagcat 180 

cagcaacaag ctatattaat ctcttctaaa gaaaacgctg aaaatcttca aaaggcactg 240 

agaaattctt ctgaaaacac aaagctgatg aaagtcgtca tggagagaga tggaatcaaa 300 

agtgatctga agaaacttag gattgaattt cagaaggttc aagaacagaa tttgctactt 360 

gcccaggcta acactcgtat cttggcgctg aaggtacttc agcacgaact tggttgcaag 420 

aatgggttag tcatggccag gaaaatgctg cttaaggctc aagcaaatgc ttgtggtggg 480 

gcttgcaaaa cctttcagcc aaatgatgca gatcatgagc atgcttccgg gagctccaac 540 

gctaactcat tgcaaagaaa tgagaaagcc aacagtaaaa ggagagtttc tggaaggaag 600 

aatcccgcca attccgaggt attagatata attggcagat cgggagagac atgtcagatg 660 

gaagacaaca ttgacaacaa gaagttggtc tctgatagtg acaatgatgc tgaaaaccat 720 

ataaatgaca atgtccaaag caaaagatat tgtgcaggaa gacagagtag cagttctaag 780 

actcgagaag ccagccaaac agaaaccttg caaaaggt^ ttgacgccaa agaaattaag 840 

ggggatgcaa ggttttcttt gacaaagcat tctgactggt taaaatctca agaacctgag 900 

ccatctgaaa gcctatacga gtcaaggttc cctttgagaa ggcgttctgc ccggttaaaa 960 

tctcaagaac ctgagccatc tgaaagcttc catgactcaa tagagacaac caagaggagg 1020 

aggtcggcaa taaggtctgc tatgtttaat atccaagagc tgggcgttat tcaaaacttg 1080 

aacggtttac ctgatgatca agagattgct gcaaaggcca gatgctctgc acgtgaacag 1140 

tctaccgggt ctaaacccga agcagtagaa ccacatgaca caaaagagat aatcgggaaa 1200 

agcaggatat ctttgagaag acagtctgcg aggtttaatt tccaagagct gggcgtgact 1260 

gaaaacttga atggtccaca tgatgatcaa acgattgctg caaatgccag atgctgtgca 1320 

agtgaacagt ctatcgggtc taaacccgaa gcagtagaac cacatgacat tgaagagaga 1380 

atcgggaaaa tcagagtctc ttcaagaaga caatctgcaa acattgaaac tccgagagcc 1440 

atcaaagaac ctgcaaatcc gcctttgcat gatgacaatg ttgaggagtc tagtcagata 1500 

tcatgttcag tttcaatgga gcttaaaaga gaatcaaaga agaaaccaac aggcgacgaa 1560 
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tcagaggaaa tgagaaaaac aactgttgga agaccttcaa ggcaagctgc tgaaaaaatc 1620 
aaatcgtaca aggaaccttc acttaaggag aagatgcgag ggggcttctg a 1671 



<210> 10 
<211> 556 
<212> PRT 

<213> Arabidopsis thai i ana 
<400> 10 

Met Val Arg Ala Thr Val Leu Asn Val Gly Asp His Ala Ser Glu Gly 
15 10 15 



Val Arg Thr Asn Lys Ala Lys Gly Glu Lys Met Val Leu Glu Pro Pro 
20 25 30 



Met Asn Ser Ala Gin Arg Arg Lys Leu Gly Asp He Thr Asn Leu Gin 
35 40 45 



Asn Gin Lys Asn Leu Met Asn Gin Gly Ala Lys His Gin Gin Gin Ala 
50 55 60 



He Leu He Ser Ser Lys Glu Asn Ala Glu Asn Leu Gin Lys Ala Leu 
65 70 75 80 



Arg Asn Ser Ser Glu Asn Thr Lys Leu Met Lys Val Val Met Glu Arg 
85 90 95 



Asp Gly He Lys Ser Asp Leu Lys Lys Leu Arg He Glu Phe Gin Lys 
100 105 110 



Val Gin Glu Gin Asn Leu Leu Leu Ala Gin Ala Asn Thr Arg He Leu 
115 120 125 



Ala Leu Lys Val Leu Gin His Glu Leu Gly Cys Lys Asn Gly Leu Val 
130 135 140 



Met Ala Arg Lys Met Leu Leu Lys Ala Gin Ala Asn Ala Cys Gly Gly 
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Ala Cys Lys Thr Phe Gin Pro Asn Asp Ala Asp His Glu His Ala Ser 
165 170 175 



Gly Ser Ser Asn Ala Asn Ser Leu Gin Arg Asn Glu Lys Ala Asn Ser 
180 185 190 



Lys Arg Arg Val Ser Gly Arg Lys Asn Pro Ala Asn Ser Glu Val Leu 
195 200 205 



Asp He He Gly Arg Ser Gly Glu Thr Cys Gin Met Glu Asp Asn He 
210 215 220 



Asp Asn Lys Lys Leu Val Ser Asp Ser Asp Asn Asp Ala Glu Asn His 
225 230 235 240 



He Asn Asp Asn Val Gin Ser Lys Arg Tyr Cys Ala Gly Arg Gin Ser 
245 250 255 



Ser Ser Ser Lys Thr Arg Glu Ala Ser Gin Thr Glu Thr Leu Gin Lys 
260 265 270 



Val Val Asp Ala Lys Glu He Lys Gly Asp Ala Arg Phe Ser Leu Thr 
275 280 285 



Lys His Ser Asp Trp Leu Lys Ser Gin Glu Pro Glu Pro Ser Glu Ser 
290 295 300 



Leu Tyr Glu Ser Arg Phe Pro Leu Arg Arg Arg Ser Ala Arg Leu Lys 
305 310 315 320 



Ser Gin Glu Pro Glu Pro Ser Glu Ser Phe His Asp Ser He Glu Thr 
325 330 335 



Thr Lys Arg Arg Arg Ser Ala He Arg Ser Ala Met. Phe Asn He Gin 
340 345 350 
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Glu Leu Gly Val He Gin Asn Leu Asn Gly Leu Pro Asp Asp Gin Glu 
355 360 365 

He Ala Ala Lys Ala Arg Cys Ser Ala Arg Glu Gin Ser Thr Gly Ser 
370 375 380 



Lys Pro Glu Ala Val Glu Pro His Asp Thr Lys Glu He He Gly Lys 
385 390 395 400 



Ser Arg He Ser Leu Arg Arg Gin Ser Ala Arg Phe Asn Phe Gin Glu 
405 410 415 



Leu Gly Val Thr Glu Asn Leu Asn Gly Pro His Asp Asp Gin Thr He 
420 425 430 

Ala Ala Asn Ala Arg Cys Cys Ala Ser Glu Gin Ser He Gly Ser Lys 
435 440 445 

Pro Glu Ala Val Glu Pro His Asp He Glu Glu Arg He Gly Lys He 
450 455 460 

Arg Val Ser Ser Arg Arg Gin Ser Ala Asn He Glu Thr Pro Arg Ala 
465 470 475 480 

He Lys Glu Pro Ala Asn Pro Pro Leu His Asp Asp Asn Val Glu Glu 
485 490 495 

Ser Ser Gin He Ser Cys Ser Val Ser Met Glu Leu Lys Arg Glu Ser 
500 505 510 

Lys Lys Lys Pro Thr Gly Asp Glu Ser Glu Glu Met Arg Lys Thr Thr 
515 520 525 



Val Gly Arg Pro Ser Arg Gin Ala Ala Glu Lys He Lys Ser Tyr Lys 
530 535 540 



Glu Pro Ser Leu Lys Glu Lys Met Arg Gly Gly Phe 
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<210> 11 
<211> 1341 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 11 

atggataaag aagagacgca gcagaaggaa aatatgctat tctcttccca ggaatatgct 60 

gcaaagcttc aaaaggcatt tcctcttcac tttaatcttg aaaacatgac actgatgaaa 120 

gctctagcac accgaaataa actcgtcgag ttgagcggta ttgagattca gaaactgagg 180 

attaacttac ggagtgtgca ggaaaagaat ttgcagcttg ctcaggcaaa cagtcagatg 240 

ttagcgctca aggatctcca gcatgaactt ^ctgcaaga atgctttact taaagtcaag 300 

aaacatcttg aggagcaagt acttccacgt acacatcatg aatcgaaaga caaggtttca 360 

gcaagcgctt ctgatgggga ttgcaaatcc tttcaggtgc atgacataaa acataaagat 420 

accaagagaa agcgaacaac aaggataaaa tcttcagtaa gtgccgacgt caagccaata 480 

cctgtgaatg attctaacag taaagctaac cgtaaaagaa gagtttctgg agtaatagat 540 

actactggta ttcccgaaga gatctgtcag actgaagatg acattgataa gggggttgtc 600 

tctcgagggg taaaccaaga tattgacaat gttgtcaaca agaagtttgt tcctgatgca 660 

gcaaacccgg taaaagagag tgtgcatcgc aagaggcaat gtacacgaag gcaatctacc 720 

agatttgatg ttcaagaaac taaacaaacg gaaaagttgc ttgagatgga tggtgccaaa 780 

gaaagtaaag aaaccgcaag cttctctttg agaagacggt ctgctcggtt aaggcacgaa 840 

gaagctgaac catgtaaaag cttacatgag ggagacgaag tcagggagac aatcaagagg 900 

agaagagtct ctttaagact gtctgcaagg tttgatatac aagaaccgca tgtgactgaa 960 

acctcgaatg ctgacgatgc aagaagcata gtaatcgaag aatctgctgg atcaagatcg 1020 

gaatctgtag aaccatccga aagcaggcat gaaacaaaag agataacccg gaaacgcagt 1080 

ttctcaacga gaagacaatc aacaaagggt aaatctcaaa ccgatgaagc cattaaagaa 1140 

atagcgacag acccatcttt ggtcaacacc atagttcaag agtgtgatca ggaaacagaa 1200 

tcaaaggata agcctaaagc tgatgaaaac gaagggatga caagaagatc atctgtggga 1260 
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agaccatcga gacatgccgc agagaaagtc caatcataca gagaagtctc acttagagta 1320 
aagatgcgac gaaaatgcta a 1341 



<210> 12 
<211> 446 
<212> PRT 

<213> Arabidopsis thai i ana 

<400> 12 

Met Asp Lys Glu Glu Thr Gin Gin Lys Glu Asn Met Leu Phe Ser Ser 
15 10 15 



Gin Glu Tyr Ala Ala Lys Leu Gin Lys Ala Phe Pro Leu His Phe Asn 
20 25 30 



Leu Glu Asn Met Thr Leu Met Lys Ala Leu Ala His Arg Asn Lys Leu 
35 40 45 



Val Glu Leu Ser Gly He Glu He Gin Lys Leu Arg He Asn Leu Arg 
50 55 60 



Ser Val Gin Glu Lys Asn Leu Gin Leu Ala Gin Ala Asn Ser Gin Met 
65 70 75 80 



Leu Ala Leu Lys Asp Leu Gin His Glu Leu Gly Cys Lys Asn Ala Leu 
85 90 95 



Leu Lys Val Lys Lys His Leu Glu Glu Gin Val Leu Pro Arg Thr His 
100 105 110 



His Glu Ser Lys Asp Lys Val Ser Ala Ser Ala Ser Asp Gly Asp Cys 
115 120 125 



Lys Ser Phe Gin Val His Asp He Lys His Lys Asp Thr Lys Arg Lys 
130 135 140 



Arg Thr Thr Arg He Lys Ser Ser Val Ser Ala Asp Val Lys Pro He 
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Pro Val Asn Asp Ser Asn Ser Lys Ala Asn Arg Lys Arg Arg Val Ser 
165 170 175 



Gly Val He Asp Thr Thr Gly He Pro Glu Glu He Cys Gin Thr Glu 
180 185 190 



Asp Asp lie Asp Lys Gly Val Val Ser Arg Gly Val Asn Gin Asp He 
195 200 205 



Asp Asn Val Val Asn Lys Lys Phe Val Pro Asp Ala Ala Asn Pro Val 
210 215 220 



Lys Glu Ser Val His Arg Lys Arg Gin Cys Thr Arg Arg Gin Ser Thr 
225 230 235 240 



Arg Phe Asp Val Gin Glu Thr Lys Gin Thr Glu Lys Leu Leu Glu Met 
245 250 255 



Asp Gly Ala Lys Glu Ser Lys Glu Thr Ala Ser Phe Ser Leu Arg Arg 
260 265 270 



Arg Ser Ala Arg Leu Arg His Glu Glu Ala Glu Pro Cys Lys Ser Leu 
275 280 285 



His Glu Gly Asp Glu Val Arg Glu Thr He Lys Arg Arg Arg Val Ser 
290 295 300 



Leu Arg Leu Ser Ala Arg Phe Asp He Gin Glu Pro His Val Thr Glu 
305 310 315 320 



Thr Ser Asn Ala Asp Asp Ala Arg Ser He Val He Glu Glu Ser Ala 
325 330 335 



Gly Ser Arg Ser Glu Ser Val Glu Pro Ser Glu Ser Arg His Glu Thr 
340 345 350 
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Lys Glu He Thr Arg Lys Arg Ser Phe Ser Thr Arg Arg Gin Ser Thr 
355 360 365 



Lys Gly Lys Ser Gin Thr Asp Glu Ala He Lys Glu He Ala Thr Asp 
370 375 380 



Pro Ser Leu Val Asn Thr He Val Gin Glu Cys Asp Gin Glu Thr Glu 
385 390 395 400 



Ser Lys Asp Lys Pro Lys Ala Asp Glu Asn Glu Gly Met Thr Arg Arg 
405 410 415 



Ser Ser Val Gly Arg Pro Ser Arg His Ala Ala Glu Lys Val Gin Ser 
420 425 430 



Tyr Arg Glu Val Ser Leu Arg Val Lys Met Arg Arg Lys Cys 
435 440 445 



<210> 13 
<211> 1554 
<212> DNA 
<213> mouse 

<400> 13 

atggctaagg aaaggtgtca gaaaaggtcc tttcaagata cccttgaaga cattaagaat 60 

cgaatgaaag aaaaaaggaa taaaaatttg gcggggattg ggaaacgcaa gtcctttatt 120 

gttgcaccgg gccaagtacc cactaacact gctacactac tgagatatta ccaagataac 180 

aacaggttgt tagtcttggc tttggaaaat gagaaatcca aagtgagaga agcacaggat 240 

gtcatcctgc aactgagaaa agaatgctac taccttactt gtcagctgta tgcattgaaa 300 

gagaagctaa cttcccgaca aagtgaagaa actactcaga actggaaagg acgtccctca 360 

gacgtggtct ccagcattga caatacgacc agggacttgt cagggaagtc cttacagcaa 420 

attgctgttg aagaaactga ttgtccttac caaaccacag aaccaagtcc tgctgttact 480 

ccagagacac agggttgcga ttttgattca ggtaaagttg agtctactga tgaagtctta 540 

cccagaacta tatctatccg tcgccattta aggaaagatt ttagtaatat aagccactcc 600 
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acgactttgg aggattgtaa agccagtcca agagtggcac agtctctgga agttaaagga 660 

agtagatgta gagaagtaac cgtaaccctg cacagacttg aaaatgtttg tctgtggaac 720 

aaagaccaaa ttagcttatg ttctagactg attaacccag caaagattac tgaaacagaa 780 

gtcattttat catctaaacc tgaacaaata gaaagcaagc ataaacgtgc acgaaaaaga 840 

agagcagagc aaagaagaac caagcagaga tgcaaatcaa aatcctcatt gaggagtaag 900 

gggaacaaaa acaaagataa gcagggttta ccccctacta cactggatgg aggtattggt 960 

tcctgtgatg cttacgattt taatctaaaa gggacggtcc accccacccc tttccgacaa 1020 

aaaatgaaca atggctgcaa caaagaaacg gatagcagca actcagaagt gagtgacctc 1080 

gaatgcagta cctctgagga tgagtctgat gacctctacc tgcctccctc caagcgcttg 1140 

cgagactaca gagagtcaga gagagcagtt accaggcctc ggtctaaaag aggacttcag 1200 

tacccagatg ggaaagagag gaaggaggtg ctgccatcta cagctcctac tggtatccca 1260 

cctgagactc aagagtcacc tcgttgtagc ctaaaggatg tcaccaatat cctgcagtgt 1320 

cctagagtga agatcaggaa gccttctctg cctccaaagc ggcgtgaaga cagcccagca 1380 

gtggctctga ctaaacgcag gtgtagcacc atcaaaagct ataaagagcc aacactcgct 1440 

tcaaagctaa gaagagggga ccctttcacg gacttgtgtt tcttgaattc tcctattttc 1500 

aagcagaaaa ggggtatgag atgtcctaaa agaagaacca agcaaacaca gtaa 1554 

<210> 14 

<211> 517 

<212> PRT 

<213> mosue 

<400> 14 

Met Ala Lys Glu Arg Cys Gin Lys Arg Ser Phe Gin Asp Thr Leu Glu 
15 10 15 

Asp He Lys Asn Arg Met Lys Glu Lys Arg Asn Lys Asn Leu Ala Gly 
20 25 30 

lie Gly Lys Arg Lys Ser Phe He Val Ala Pro Gly Gin Val Pro Thr 
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lie Gly Lys Arg Lys Ser Phe He Val Ala Pro Gly Gin Val Pro Thr 
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35 



40 



45 



Asn Thr Ala Thr Leu Leu Arg Tyr Tyr Gin Asp Asn Asn Arg Leu Leu 
50 55 60 

Val Leu Ala Leu Glu Asn Glu Lys Ser Lys Val Arg Glu Ala Gin Asp 
65 70 75 80 

Val He Leu Gin Leu Arg Lys Glu Cys Tyr Tyr Leu Thr Cys Gin Leu 
85 90 95 



Tyr Ala Leu Lys Glu Lys Leu Thr Ser Arg Gin Ser Glu Glu Thr Thr 
100 105 110 



Gin Asn Trp Lys Gly Arg Pro Ser Asp Val Val Ser Ser He Asp Asn 
115 120 125 

Thr Thr Arg Asp Leu Ser Gly Lys Ser Leu Gin Gin He Ala Val Glu 
130 135 140 

Glu Thr Asp Cys Pro Tyr Gin Thr Thr Glu Pro Ser Pro Ala Val Thr 
145 150 155 160 

Pro Glu Thr Gin Gly Cys Asp Phe Asp Ser Gly Lys Val Glu Ser Thr 
165 170 175 



Asp Glu Val Leu Pro Arg Thr He Ser He Arg Arg His Leu Arg Lys 
180 185 190 



Asp Phe Ser Asn lie Ser His Ser Thr Thr Leu Glu Asp Cys Lys Ala 
195 200 205 

Ser Pro Arg Val Ala Gin Ser Leu Glu Val Lys Gly Ser Arg Cys Arg 
210 215 220 



Glu Val Thr Val Thr Leu His Arg Leu Glu Asn Val Cys Leu Trp Asn 
225 230 235 240 
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Lys Asp Gin He Ser Leu Cys Ser Arg Leu He Asn Pro Ala Lys He 
245 250 255 



Thr Glu Thr Glu Val He Uu Ser Ser Lys Pro Glu Gin He Glu Ser 
260 265 270 



Lys His Lys Arg Ala Arg Lys Arg Arg Ala Glu Gin Arg Arg Thr Lys 
275 280 285 



Gin Arg Cys Lys Ser Lys Ser Ser Leu Arg Ser Lys Gly Asn Lys Asn 
290 295 300 



Lys Asp Lys Gin Gly Leu Pro Pro Thr Thr Leu Asp Gly Gly He Gly 
305 310 315 320 



Ser Cys Asp Ala Tyr Asp Phe Asn Leu Lys Gly Thr Val His Pro Thr 
325 330 335 



Pro Phe Arg Gin Lys Met Asn Asn Gly Cys Asn Lys Glu Thr Asp Ser 
340 345 350 



Ser Asn Ser Glu Val Ser Asp Leu Glu Cys Ser Thr Ser Glu Asp Glu 
355 360 365 

Ser Asp Asp Leu Tyr Leu Pro Pro Ser Lys Arg Leu Arg Asp Tyr Arg 
370 375 380 

Glu Ser Glu Arg Ala Val Thr Arg Pro Arg Ser Lys Arg Gly Leu Gin 
385 390 395 400 



Tyr Pro Asp Gly Lys Glu Arg Lys Glu Val Leu Pro Ser Thr Ala Pro 
405 410 415 



Thr Gly He Pro Pro Glu Thr Gin Glu Ser Pro Arg Cys Ser Leu Lys 
420 425 430 



Asp Val Thr Asn He Leu Gin Cys Pro Arg Val Lys He Arg Lys Pro 
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435 440 445 



Ser Leu Pro Pro Lys Arg Arg Glu Asp Ser Pro Ala Val Ala Leu Thr 
450 455 460 



Lys Arg Arg Cys Ser Thr He Lys Ser Tyr Lys Glu Pro Thr Leu Ala 
465 470 475 480 



Ser Lys Leu Arg Arg Gly Asp Pro Phe Thr Asp Leu Cys Phe Leu Asn 
485 490 495 



Ser Pro He Phe Lys Gin Lys Arg Gly Met Arg Cys Pro Lys Arg Arg 
500 505 510 



Thr Lys Gin Thr Gin 
515 



<210> 15 

<211> 3495 

<212> DNA 

<213> mouse 

<400> 15 

atggagtacc cagggataaa agttgacact gttacctctg gaattcagag acgagtgaag 60 



ggcagaattg caaagacaaa tttgaatgtt tctcttgctt caaagatcaa agcaaaaata 



gcccttagta aagagaaaga gaattctcga agaattacta ccgaaaagat gcaattacag 



aataagaagc ttgtagaaat agaatcgcat gtgagcaatg atttgttaac tgcaattgaa 



cagtgcaatt tgaaagcatt ccctcctaaa gaagataatc agaagacatg tgggtcaggt 



120 



ttaaacaatt cttctatttt caagatctct ctaaagcaca acaacagagc attagcgcgg 180 



240 



aaagaagtag agaaactgaa ttttgagaat acctttcttc gcttaaagtt aaataccttg 300 



360 



ataagcagtc tttctgagtt ccaccaaggt tcttttctcc tgtcagctac caagaaacaa 420 



480 



aggaacagta agcagtgcaa gcctgcgcat cttccatatg caagagttct gttaacttca 
gaaaatgatg atgatgatgg tgctgatgat aaatggcaga caaagtgtaa caacagaact 540 
atatcaaaga cctcacctga tagtacctct tcagtatcaa gacaaccttc atccttacat 600 



660 
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catttagaac atacttcaag tgttgatata cttcctaatg agagccactc agatcaaagt 720 

cctaagagtt ctctgagtga gatgaaaact gctccatctc ccagcctcag aagggaaaaa 780 

ttatcacatg gtaatgtgac tatgaggaag aagtgtgtgt cttcaactcc agacattctg 840 

tatgtgacag atttagatca ccaaccaact tcaagtccag gatcaaattg gaataatgag 900 

atacatggtc atactaatga aaccagcaat aacacgcaaa gaaatgccga gtgttttctt 960 

gacttacctt ctgagtcttc cagtgagcct gacgcaaagc gcatggagct agtgcagaag 1020 

aacaccgata gctttcactt ccagaaaact gtatatgatg ccgctgatat ggagttaact 1080 

gctactgaca taggcaagat tgtagcagtt tcaaaaagca agaaaaatca aaataagaaa 1140 

aaggcagact gtagaaagga gactttcaga aaagtgaaag gtgcaagctc tgataaaaag 1200 

agagaaagct caaagagaga atgtaaagat ggttcagaag taggtgctga ggaagaggct 1260 

gatgcagcca gagcagaaag aggcgctggt gtcctggatg gcagagggga ttcagaagag 1320 

ccaaactgca tttccagtac tgagcagcca tctcaggtaa acacgcaaaa gaaaagaacc 1380 

ctccagaaca gctcagatca ggagaacatt caaaatacga agaggaggca aacatatacg 1440 

acagatgagc aagaggaaac aaaccctttc tccagacatt cagtcaaatt tcttcaagat 1500 

ggtaaatttg atctgtgtca gaaaacccta catcataatt taagtaagcc ttctcgacag 1560 

acatttgtga ttcgtaagtc agaaaaagat aacttatttc caaatcaaga agataaagac 1620 

accatttctg aaaacctaga agttacaaat gaatttcata tagatgatct ttccatcgaa 1680 

gctaatgaaa atgtatgtga ccatgagact cagacaatgt tggacttgaa aaagtctgtc 1740 

agtgctcaac aaaatcaaac aaaaataaat aagactaagc agaaaataaa tcgaaggaca 1800 

aaaataattt ctgtcatgag ccaagtatat gaggacaatg ataaagatat tcacgtccta 1860 

gaaaaagaca actttccctt tcatacccaa gcaaataaag aaaccaccag tggaaaccta 1920 

gaaagttcaa aagaatttga atcacctctt cttttcacaa gagacaacgg aagcttacgt 1980 

gactgtaaga cccagaatgt tctggatctg cacaagcaaa ttcctgatct ataccctgat 2040 

cggaatgagt cccagattag caaaatccct aggcaaaaag taaatcgcaa gacagaagta 2100 

atttctggag tgaaatgttt tagtaatgac caaggtgttc attgctcaga aaaggataag 2160 
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tctttgttac tacaaaagga taaagacttc ccaggaactt taaaagactt aagtgagttt 2220 

gatacgcctg ctttttgtaa caaagatagt gcaaagtcgt gtgattataa gtctgaaatg 2280 

ctcttggggt tgaaaaaaca tgaccctaat atgcaacctg cttgtcaaga tgattcaaaa 2340 

gcaggtaaga aacttagaca aaaggtaaat cgaaaaacag aaataatttc taaaatcacc 2400 

caaatacatg aaaatgatag aggaagtaca catgactcat taaataagaa gctctgtcag 2460 

aaggttaata tatcaaaaat catttctcaa atgaaccaaa tatatgagac tattaatgaa 2520 

gatggaaatg gctttaaaag ctctatcaaa gattgcgaag atattaaaag ttgtgacttt 2580 

ggggaaatca acagtaataa aaaggaaaat tatgatccaa ttcaagatcc ttgcacactg 2640 

gttaaaaaaa caaagagaaa gggatcatgt aaagcaggga gcagtttggc aggagctaag 2700 

aacaggtgtg gtttgcagtt aacagactct tcccaggtac agtctgtccc cttagactct 2760 

ggcttaagac accatccaaa cgaagcagat tctggtcctg gagagcagac taacctgcca 2820 

aagatgcaga aacaaagcgc tgggaggtca ctgggagatg ctttctctgt gagtctggga 2880 

aaagaaggaa gccgcccagc caaagcagtt agtaaaatga cacccaaatc aaagaagaga 2940 

aagctccctc tcggttgttc tcctgaaacc cacgggacgg tggagataac acccaacact 3000 

gacctcgcta aggctgttga ctcccaacag actgagaagg agaactattt ggagaaggag 3060 

aaaattgcca agaggaagcc agatttttgt acaaaggtgt tgaaaccttt atctgagaca 3120 

tgttcatcta acataaagaa ttcttccttg gacagtatgt gtaagagttc gctacctttg 3180 

agtatttctt ctagaaaaac cctgatgctg gaagaaagtt cttccctgga gagtacatgc 3240 

atctttcaag taggtgatgc cgctcatgag aagataacga caggcacacg taatccccac 3300 

cacaggacac agaagtcgac accgggtagc agaacgtccc tggtcttggt ggataccagt 3360 

tctgtttcag ataccaaccc tgctaacccc gagaatgagt cagaagggca gtcttcacac 3420 

ccaatgagaa ggaaaagaca gtgcgtccct ctcaacctga cagagccaag ccttagaagc 3480 

Q495 

aagatgagga gataa 



<210> 16 
<211> 1164 
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<212> PRT 
<213> mouse 

<400> 16 

Met Glu Tyr Pro Gly He Lys Val Asp Thr Val Thr Ser Gly He Gin 
15 10 15 



Arg Arg Val Lys Gly Arg He Ala Lys Thr Asn Leu Asn Val Ser Leu 
20 25 30 



Ala Ser Lys He Lys Ala Lys He Leu Asn Asn Ser Ser He Phe Lys 
35 40 45 



He Ser Leu Lys His Asn Asn Arg Ala Leu Ala Arg Ala Leu Ser Lys 
50 55 60 



Glu Lys Glu Asn Ser Arg Arg He Thr Thr Glu Lys Met Gin Leu Gin 
65 70 75 80 



Lys Glu Val Glu Lys Leu Asn Phe Glu Asn Thr Phe Leu Arg Leu Lys 
85 90 95 



Leu Asn Thr Leu Asn Lys Lys Leu Val Glu He Glu Ser His Val Ser 
100 105 110 



Asn Asp Leu Leu Thr Ala He Glu He Ser Ser Leu Ser Glu Phe His 
115 120 125 



Gin Gly Ser Phe Leu Leu Ser Ala Thr Lys Lys Gin Arg Asn Ser Lys 
130 135 140 



Gin Cys Lys Pro Ala His Leu Pro Tyr Ala Arg Val Leu Leu Thr Ser 
145 150 155 160 



Glu Asn Asp Asp Asp Asp Gly Ala Asp Asp Lys Trp Gin Thr Lys Cys 
165 170 175 



Asn Asn Arg Thr He Ser Lys Thr Ser Pro Asp Ser Thr Ser Ser Val 
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Ser Arg Gin Pro Ser Ser Leu His Gin Cys Asn Leu Lys Ala Phe Pro 
195 200 205 



Pro Lys Glu Asp Asn Gin Lys Thr Cys Gly Ser Gly His Leu Glu His 
210 215 220 



Thr Ser Ser Val Asp He Leu Pro Asn Glu Ser His Ser Asp Gin Ser 
225 230 235 240 



Pro Lys Ser Ser Leu Ser Glu Met Lys Thr Ala Pro Ser Pro Ser Leu 
245 250 255 



Arg Arg Glu Lys Leu Ser His Gly Asn Val Thr Met Arg Lys Lys Cys 
260 265 270 



Val Ser Ser Thr Pro Asp He Leu Tyr Val Thr Asp Leu Asp His Gin 
275 280 285 



Pro Thr Ser Ser Pro Gly Ser Asn Trp Asn Asn Glu He His Gly His 
290 295 300 



Thr Asn Glu Thr Ser Asn Asn Thr Gin Arg Asn Ala Glu Cys Phe Leu 
305 310 315 320 



Asp Uu Pro Ser Glu Ser Ser Ser Glu Pro Asp Ala Lys Arg Met Glu 
325 330 335 



Uu Val Gin Lys Asn Thr Asp Ser Phe His Phe Gin Lys Thr Val Tyr 
340 345 350 



Asp Ala Ala Asp Met Glu Leu Thr Ala Thr Asp He Gly Lys He Val 
355 360 365 



Ala Val Ser Lys Ser Lys Lys Asn Gin Asn Lys Lys Lys Ala Asp Cys 
370 375 380 
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Arg Lys Glu Thr Phe Arg Lys Val Lys Gly Ala Ser Ser Asp Lys Lys 
385 390 395 400 



Arg Glu Ser Ser Lys Arg Glu Cys Lys Asp Gly Ser Glu Val Gly Ala 
405 410 415 



Glu Glu Glu Ala Asp Ala Ala Arg Ala Glu Arg Gly Ala Gly Val Leu 
420 425 430 

Asp Gly Arg Gly Asp Ser Glu Glu Pro Asn Cys He Ser Ser Thr Glu 
435 440 445 

Gin Pro Ser Gin Val Asn Hir Gin Lys Lys Arg Thr Leu Gin Asn Ser 
450 455 460 



Ser Asp Gin Glu Asn He Gin Asn Thr Lys Arg Arg Gin Thr Tyr Thr 
465 470 475 480 



Thr Asp Glu Gin Glu Glu Thr Asn Pro Phe Ser Arg His Ser Val Lys 
485 490 495 



Phe Leu Gin Asp Gly Lys Phe Asp Leu Cys Gin Lys Thr Leu His His 
500 505 510 

Asn Leu Ser Lys Pro Ser Arg Gin Thr Phe Val He Arg Lys Ser Glu 
515 520 525 

Lys Asp Asn Leu Phe Pro Asn Gin Glu Asp Lys Asp Thr He Ser Glu 
530 535 540 

Asn Leu Glu Val Thr Asn Glu Phe His He Asp Asp Leu Ser He Glu 
545 550 555 560 



Ala Asn Glu Asn Val Cys Asp His Glu Thr Gin Thr Met Leu Asp Leu 
565 570 575 



Lys Lys Ser Val Ser Ala Gin Gin Asn Gin Thr Lys He Asn Lys Thr 
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580 585 590 



Lys Gin Lys He Asn Arg Arg Thr Lys He He Ser Val Met Ser Gin 
595 600 605 



Val Tyr Glu Asp Asn Asp Lys Asp He His Val Leu Glu Lys Asp Asn 
610 615 620 



Phe Pro Phe His Thr Gin Ala Asn Lys Glu Thr Thr Ser Gly Asn Leu 
625 630 635 640 



Glu Ser Ser Lys Glu Phe Glu Ser Pro Leu Leu Phe Thr Arg Asp Asn 
645 650 655 



Gly Ser Leu Arg Asp Cys Lys Thr Gin Asn Val Leu Asp Leu His Lys 
660 665 670 



Gin He Pro Asp Leu Tyr Pro Asp Arg Asn Glu Ser Gin He Ser Lys 
675 680 685 



He Pro Arg Gin Lys Val Asn Arg Lys Thr Glu Val He Ser Gly Val 
690 695 700 



Lys Cys Phe Ser Asn Asp Gin Gly Val His Cys Ser Glu Lys Asp Lys 
705 710 715 720 



Ser Leu Leu Leu Gin Lys Asp Lys Asp Phe Pro Gly Thr Leu Lys Asp 
725 730 735 



Leu Ser Glu Phe Asp Thr Pro Ala Phe Cys Asn Lys Asp Ser Ala Lys 
740 745 750 



Ser Cys Asp Tyr Lys Ser Glu Met Leu Leu Gly Leu Lys Lys His Asp 
755 760 765 



Pro Asn Met Gin Pro Ala Cys Gin Asp Asp Ser Lys Ala Gly Lys Lys 
770 775 780 
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Leu Arg Gin Lys Val Asn Arg Lys Thr Glu He He Ser Lys He Thr 
785 790 795 800 

Gin He His Glu Asn Asp Arg Gly Ser Thr His Asp Ser Leu Asn Lys 
805 810 815 



Lys Uu Cys Gin Lys Val Asn He Ser Lys He He Ser Gin Met Asn 
820 825 830 



Gin He Tyr Glu Thr He Asn Glu Asp Gly Asn Gly Phe Lys Ser Ser 
835 840 845 

He Lys Asp Cys Glu Asp He Lys Ser Cys Asp Phe Gly Glu He Asn 
850 855 860 

Ser Asn Lys Lys Glu Asn Tyr Asp Pro He Gin Asp Pro Cys Thr Leu 
865 870 875 880 



Val Lys Lys Thr Lys Arg Lys Gly Ser Cys Lys Ala Gly Ser Ser Leu 
885 890 895 



Ala Gly Ala Lys Asn Arg Cys Gly Leu Gin Leu Thr Asp Ser Ser Gin 
900 905 910 

Val Gin Ser Val Pro Leu Asp Ser Gly Leu Arg His His Pro Asn Glu 
915 920 925 

Ala Asp Ser Gly Pro Gly Glu Gin Thr Asn Leu Pro Lys Met Gin Lys 
930 935 940 

Gin Ser Ala Gly Arg Ser Leu Gly Asp Ala Phe Ser Val Ser Leu Gly 
945 950 955 960 



Lys Glu Gly Ser Arg Pro Ala Lys Ala Val Ser Lys Met Thr Pro Lys 
965 970 975 



Ser Lys Lys Arg Lys Leu Pro Leu Gly Cys Ser Pro Glu Thr His Gly 

ffiiE#2 004-3119889 



980 



#M 2003-401943 

985 990 



^-v^ : 38/ 



Thr Val Glu He Thr Pro Asn Thr Asp Leu Ala Lys Ala Val Asp Ser 
995 1000 1005 

Gin Gin Thr Glu Lys Glu Asn Tyr Leu Glu Lys Glu Lys He Ala 
1010 1015 1020 



Lys Arg Lys Pro Asp Phe Cys Thr Lys Val Leu Lys Pro Leu Ser 
1025 1030 1035 



Glu Thr Cys Ser Ser Asn He Lys Asn Ser Ser Leu Asp Ser Met 
1040 1045 1050 

Cys Lys Ser Ser Leu Pro Leu Ser He Ser Ser Arg Lys Thr Leu 
1055 1060 1065 

Met Leu Glu Glu Ser Ser Ser Leu Glu Ser Thr Cys He Phe Gin 
1070 1075 1080 

Val Gly Asp Ala Ala His Glu Lys He Thr Thr Gly Thr Arg Asn 
1085 1090 1095 

Pro His His Arg Thr Gin Lys Ser Thr Pro Gly Ser Arg Thr Ser 
1100 1105 1110 

Leu Val Leu Val Asp Thr Ser Ser Val Ser Asp Thr Asn Pro Ala 
1115 1120 1125 

Asn Pro Glu Asn Glu Ser Glu Gly Gin Ser Ser His Pro Met Arg 
1130 1135 1140 



Arg Lys Arg Gin Cys Val Pro Leu Asn Leu Thr Glu Pro Ser Leu 
1145 1150 1155 



Arg Ser Lys Met Arg Arg 
1160 
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<210> 17 
<211> 1525 
<212> DNA 
<213> Homo sapiens 

<400> 17 

tcgcccacgc gtccgaagga ataaaaactt ggcagagatt ggcaaacgca ggtcttttat 60 

agctgcacca tgccaaataa tcaccaacac ttctacactg ctgaaaaatt accaagacaa 120 

caacaaaatg ttagttttag ctttggaaaa tgaaaaatcc aaagtgaaag aagcccaaga 180 

tatcatccta cagctgagaa aagaatgtta ctatctcaca tgtcagctat atgcattgaa 240 

aggaaaactt acatcacaac aaacagtaga acctgctcag aaccaggaaa tatgttcctc 300 

tggaatggac cccaatagtg atgacagctc cagaaattta tttgtgaagg atttaccgca 360 

aattcctctt gaagaaactg aacttccagg acaaggagaa tcatttcaaa tagaagatca 420 

gatacctact attcctcaag acacactggg agttgatttt gattcaggtg aagctaagtc 480 

tactgataat gtcttaccta gaactgtatc tgttcgtagc agtttaaaga aacattgtaa 540 

cagtatatgt cagtttgata gcttggatga ttttgaaacc agtcatttgg cagggaagtc 600 

ttttgaattc gaaagagttg gatttttaga cccactagta aacatgcaca tacctgaaaa 660 

tgtacaacac aatgcttgtc aatggagcaa ggaccaagtt aacttatcac caaagctgat 720 

tcagccagga acgtttacta aaacaaaaga agacatttta gaatctaaat ctgaacaaac 780 

taaaagtaag caaagagata cacaagaaag aaaaagagaa gagaaaagaa aagctaacag 840 

gagaaaatca aaacgtatgt caaaatataa agagaataaa agcgaaaata aaaaaactgt 900 

tccccaaaaa aaaatgcaca aatctgtcag ttccaatgat gcttacaatt ttaatttgga 960 

agagggtgtt catcttactc ctttccgaca aaaagtgagc aatgactcta atagagaaga 1020 

aaacaacgag tctgaagtga gcctctgtga atcaagtggt tcaggagatg attccgatga 1080 

cctctatttg cccacttgca agtacattca gaatcccacg agcaattcag atagaccagt 1140 

caccaggcct ctagctaaaa gagcactgaa atacacagat gaaaaagaga cggagggttc 1200 

taagccaaca aaaactccta ccactacacc acctgaaact cagcagtcac ctcatcttag 1260 

cctgaaggat atcaccaatg tctccttgta tcctgttgtg aaaatcagaa gactttctct 1320 
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ttctccaaaa aagaataaag caagcccagc agtggctctg cctaaacgta ggtgcacagc 1380 
cagcgtgaac tataaggagc ccaccctcgc ttcgaaactg agaagagggg acccttttac 1440 
agatttgtgt tttttgaatt ctcctatttt caagcagaaa aaggatttga gacgttctaa 1500 



aaaaagtatg aaacaaatac aatga 



<210> 18 

<211> 511 

<212> PRT 

<213> Homo sapiens 

<400> 18 



1525 



Gly Arg Val Gly Arg Pro Arg Val Arg Arg Asn Lys Asn Leu Ala Glu 
15 10 15 



He Gly Lys Arg Arg Ser Phe He Ala Ala Pro Cys Gin He He Thr 
20 25 30 



Asn Thr Ser Thr Leu Leu Lys Asn Tyr Gin Asp Asn Asn Lys Met Leu 
35 40 45 



Val Leu Ala Leu Glu Asn Glu Lys Ser Lys Val Lys Glu Ala Gin Asp 
50 55 60 



He He Leu Gin Leu Arg Lys Glu Cys Tyr Tyr Leu Thr Cys Gin Leu 
65 70 75 80 



Tyr Ala Leu Lys Gly Lys Leu Thr Ser Gin Gin Thr Val Glu Pro Ala 
85 90 95 



Gin Asn Gin Glu He Cys Ser Ser Gly Met Asp Pro Asn Ser Asp Asp 
100 105 110 



Ser Ser Arg Asn Leu Phe Val Lys Asp Leu Pro Gin He Pro Leu Glu 
115 120 125 



Glu Thr Glu Leu Pro Gly Gin Gly Glu Ser Phe Gin He Glu Asp Gin 
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130 135 140 

lie Pro Thr He Pro Gin Asp Thr Leu Gly Val Asp Phe Asp Ser Gly 
145 150 155 160 



Glu Ala Lys Ser Thr Asp Asm Val Leu Pro Arg Thr Val Ser Val Arg 
165 170 175 



Ser Ser Leu Lys Lys His Cys Asn Ser He Cys Gin Phe Asp Ser Leu 
180 185 190 



Asp Asp Phe Glu Thr Ser His Leu Ala Gly Lys Ser Phe Glu Phe Glu 
195 200 205 



Arg Val Gly Phe Leu Asp Pro Leu Val Asn Met His He Pro Glu Asn 
210 215 220 



Val Gin His Asn Ala Cys Gin Trp Ser Lys Asp Gin Val Asn Leu Ser 
225 230 235 240 



Pro Lys Leu He Gin Pro Gly Thr Phe Thr Lys Thr Lys Glu Asp He 
245 250 255 



Leu Glu Ser Lys Ser Glu Gin Thr Lys Ser Lys Gin Arg Asp Thr Gin 
260 265 270 



Glu Arg Lys Arg Glu Glu Lys Arg Lys Ala Asn Arg Arg Lys Ser Lys 
275 280 285 



Arg Met Ser Lys Tyr Lys Glu Asn Lys Ser Glu Asn Lys Lys Thr Val 
290 295 300 



Pro Gin Lys Lys Met His Lys Ser Val Ser Ser Asn Asp Ala Tyr Asn 
305 310 315 320 



Phe Asn Leu Glu Glu Gly Val His Leu Thr Pro Phe Arg Gin Lys Val 
325 330 335 



aJSE# 2004-3119889 



mm 2003-401943 



y<-'J: 42/ 



Ser Asn Asp Ser Asn Arg Glu Glu Asn Asn Glu Ser Glu Val Ser Leu 
340 345 350 



Cys Glu Ser Ser Gly Ser Gly Asp Asp Ser Asp Asp Leu Tyr Uu Pro 
355 360 365 



Thr Cys Lys Tyr He Gin Asn Pro Thr Ser Asn Ser Asp Arg Pro Val 
370 375 380 



Thr Arg Pro Leu Ala Lys Arg Ala Leu Lys Tyr Thr Asp Glu Lys Glu 
385 390 395 400 



Thr Glu Gly Ser Lys Pro Thr Lys Thr Pro Thr Thr Thr Pro Pro Glu 
405 410 415 



Thr Gin Gin Ser Pro His Leu Ser Leu Lys Asp He Thr Asn Val Ser 
420 425 430 



Leu Tyr Pro Val Val Lys He Arg Arg Leu Ser Leu Ser Pro Lys Lys 
435 440 445 



Asn Lys Ala Ser Pro Ala Val Ala Leu Pro Lys Arg Arg Cys Thr Ala 
450 455 460 



Ser Val Asn Tyr Lys Glu Pro Thr Leu Ala Ser Lys Leu Arg Arg Gly 
465 470 475 480 



Asp Pro Phe Thr Asp Leu Cvs Phe Leu As.n Ser Pro He Phe Lys Gin 
485 490 495 



Lys Lys Asp Leu Arg Arg Ser Lys Lys Ser Met Lys Gin He Gin 
500 505 510 



<210> 19 

<211> 3798 

<212> DNA 

<213> Homo sapiens 
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<400> 19 _^ 

atggagtgcc cagtgatgga aactggctca ctttttacct caggaattaa gagacatttg 60 

aaagacaaaa gaatttcaaa gactactaag ttgaatgttt ctcttgcttc aaaaataaaa 120 

acaaaaatac taaataattc ttctattttc aaaatatctt taaagcacaa caacagggca 180 

ttagctcagg ctcttagtag agaaaaagag aattctcgaa gaattacaac tgaaaagatg 240 

ctattgcaaa aagaagtaga gaaactgaat tttgagaaca catttcttcg cctaaagcta 300 

aataacttga ataagaagct tatagacata gaagctctca tgaacaataa cttgataact 360 

gcaactgaaa tgagcagtct ttctgagttc catcagagtt cctttctact gtcagctagc 420 

aagaagaaac gagttagtaa acagtgcaag ttgatgcgtc ttccatttgc aagggttcca 480 

ttaacttcaa atgatgatga agatgaagat aaagagaaaa- tgcagtgtga caacaatatt 540 

aaatcaaaga cattacctga tattccctct tcaggatcaa caacacaacc tttatcaact 600 

caggataatt cggaagtgtt atttcttaaa gaaaataatc aaaatgtata tggtttagat 660 

gattcagaac atatttcttc tatagttgat gtacctccca gagaaagcca ttcccactca 720 

gaccaaagtt ctaagacttc tctaatgagt gagatgagaa acgcccagtc tattggccgc 780 

agatgggaga aaccatctcc tagtaatgtg actgaaagga agaagcgtgg gtcatcttgg 840 

gaatcaaata atctttctgc agacactccc tgtgcaacag ttttagataa acaacacatt 900 

tcaagtccag aattaaattg caataatgag ataaatggtc atactaatga aacaaatact 960 

gaaatgcaaa gaaataaaca ggatcttcct ggcttatctt ctgagtctgc cagagaacct 1020 

aatgcagagt gcatgaatca aattgaggat aatgatgact ttcaattgca gaaaactgtg 1080 

tatgatgctg acatggattt aactgctagt gaagtcagca aaattgtcac agtctcaaca 1140 

ggcattaaaa agaaaagtaa taaaaaaaca aatgaacatg gaatgaaaac tttcagaaaa 1200 

gtgaaagatt ccagctctga aaaaaagaga gaaagatcaa agagacagtt taaaaatagt 1260 

tcagatgtcg atattgggga aaagattgaa aacaggacag aaagatctga tgtcctggat 1320 

ggcaaaaggg gtgcagaaga tcccggtttt attttcaata atgaacagct ggctcagatg 1380 

aatgaacagc tggctcaggt gaatgaacta aagaaaatga cccttcaaac tggctttgaa 1440 

caaggtgaca gagaaaatgt actgtgtaat aaaaaggaga aaagaataac aaatgagcaa 1500 
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gaggaaacat actctttatc ccaaagttca ggtaaatttc accaggagag taaatttgat 1560 

aagggtcaga attccctaac ttgtaataaa agtaaagctt ctagacagac atttgtgatt 1620 

cacaaattag aaaaagataa cttactccca aaccaaaagg ataaagtaac catttatgaa 1680 

aacctagacg tcacaaatga atttcacaca gccaatcttt ccaccaaaga taatggaaat 1740 

ttatgtgatt atgggaccca caatatattg gatttgaaaa agtatgtcac tgatattcaa 1800 

ccctcagagc aaaatgaatc aaacattaat aagcttagaa agaaagtaaa ccggaagaca 1860 

gaaataattt ctggaatgaa ccacatgtat gaagataatg ataaagatgt ggtgcatggc 1920 

ctaaaaaaag gtaatttttt tttcaaaacc caagaggata aagaacctat ctctgaaaac 1980 

atagaagttt ccaaagagct tcaaatccca gctctttcta ctagagataa tgaaaatcaa 2040 

tgtgactata ggacccagaa tgtgttgggt ttgcaaaagc agatcaccaa tatgtacccc 2100 

gttcagcaaa atgaatcaaa agttaataag aagcttaggc agaaagtaaa tcggaagaca 2160 

gaaataattt ctgaagtgaa tcatttagat aatgacaaaa gtatagaata cacagttaaa 2220 

agtcactcac tctttttaac gcaaaaagat aaggaaataa tccccggaaa cctagaagac 2280 

ccaagtgagt ttgaaacacc tgctctttct accaaagata gtggaaacct gtatgattct 2340 

gagattcaaa atgttttggg ggtgaaacat ggccatgata tgcaacctgc ttgtcaaaat 2400 

gattcaaaaa ta^taagaa gcctagacta aatgtatgtc aaaagtcaga aataattcct 2460 

gaaaccaacc aaatatatga gaatgataac aaaggtgtac atgacctaga aaaagataac 2520 

ttcttctctc taaccccaaa ggataaagaa acaatttctg aaaatctaca agtcacaaat 2580 

gaatttcaaa cagttgatct tctcatcaaa gataatggaa atttatgtga ttatgacacc 2640 

cagaatatat tggagttgaa aaagtatgtt actgatagga aatctgctga gcaaaatgaa 2700 

tcaaaaataa ataagctcag gaataaagtg aattggaaga cagaaataat ttctgaaatg 2760 

aaccagatat atgaggataa tgataaagat gcacatgtcc aagaaagcta tacaaaagat 2820 

cttgatttta aagtaaataa atctaaacaa aaacttgaat gccaagacat tatcaataaa 2880 

cactatatgg aagtcaacag taatgaaaag gaaagttgtg atcaaatttt agattcctac 2940 

aaagtagtta aaaaacgtaa gaaagaatca tcatgcaagg caaagaacat tttgacaaaa 3000 
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gctaagaaca aacttgcttc acagttaaca gaatcttcac agacatctat ctccttagaa 3060 

tctgatttaa aacatattac tagtgaagca gattctgatc caggaaaccc agttgaacta 3120 

tgtaagactc agaagcaaag cactaccact ttgaataaaa aagatctccc ttttgtggaa 3180 

gaaataaaag aaggagagtg tcaggttaaa aaggtaaata aaatgacatc taagtcaaag 3240 

aaaaggaaga cctccataga tccttctcca gagagccatg aagtaatgga aagaatactt 3300 

gacagcgttc agggaaagtc tactgtatct gaacaagctg ataaggaaaa caatttggag 3360 

aatgagaaaa tggtcaaaaa taagccagac ttttacacaa aggcatttag atctttgtct 3420 

gagatacatt cacctaacat acaagattct tcctttgaca gtgttcgtga aggtttagta 3480 

cctttgagcg tttcttctgg taaaaatgtg ataataaaag aaaattttgc cttggagtgc 3540 

tccccagcct ttcaagtaag tgatgatgag catgagaaga tgaacaagat gaaatttaaa 3600 

gtcaaccgga gaacccaaaa atcaggaata ggtgatagac cattacagga cttgtcaaat 3660 

accagttttg tttcaaataa cactgctgaa tctgaaaata agtcagaaga tctatcttca 3720 

gaacggacaa gcagaagaag aaggtgtact cctttctatt ttaaagagcc aagcctcaga 3780 
gacaagatga gaagatga 



<210> 20 

<211> 1265 

<212> PRT 

<213> Homo sapiens 

<400> 20 

Met Glu Cys Pro Val Met Glu Thr Gly Ser Leu Phe Thr Ser Gly He 
15 10 15 



Lys Arg His Leu Lys Asp Lys Arg He Ser Lys Thr Thr Lys Leu Asn 
20 25 30 



Val Ser Leu Ala Ser Lys He Lys Thr Lys He Leu Asn Asn Ser Ser 
35 40 45 



He Phe Lys He Ser Leu Lys His Asn Asn Arg Ala Leu Ala Gin Ala 
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50 55 60 



Leu Ser Arg Glu Lys Glu Asn Ser Arg Arg He Thr Thr Glu Lys Met 
65 70 75 80 



Leu Leu Gin Lys Glu Val Glu Lys Leu Asn Phe Glu Asn Thr Phe Leu 
85 90 95 



Arg Leu Lys Leu Asn Asn Leu Asn Lys Lys Leu He Asp He Glu Ala 
100 105 110 



Leu Met Asn Asn Asn Leu He Thr Ala He Glu Met Ser Ser Leu Ser 
115 120 125 



Glu Phe His Gin Ser Ser Phe Leu Leu Ser Ala Ser Lys Lys Lys Arg 
130 135 140 



He Ser Lys Gin Cys Lys Leu Met Arg Leu Pro Phe Ala Arg Val Pro 
145 150 155 160 



Leu Thr Ser Asn Asp Asp Glu Asp Glu Asp Lys Glu Lys Met Gin Cys 
165 170 175 



Asp Asn Asn He Lys Ser Lys Thr Leu Pro Asp He Pro Ser Ser Gly 
180 185 190 



Arg Thr Thr Gin Pro Leu Ser Thr Gin Asp Asn Ser Gly Val Leu Phe 
195 200 205 



Leu Lys Glu Asn Asn Gin His Val Tyr Gly Leu Asp Asp Ser Glu His 
210 215 220 



He Ser Ser He Val Asp Val Pro Pro Arg Glu Ser His Ser His Ser 
225 230 235 240 



Asp Gin Ser Ser Lys Thr Ser Leu Met Ser Glu Met Arg Asn Ala Gin 
245 250 255 
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Ser He Gly Arg Arg Trp Glu Lys Pro Ser Pro Ser Asn Val Thr Glu 
260 265 270 

Arg Lys Lys Arg Gly Ser Ser Trp Glu Ser Asn Asn Leu Ser Ala Asp 
275 280 285 

Thr Pro Cys Ala Thr Val Leu Asp Lys Gin His He Ser Ser Pro Glu 
290 295 300 

Leu Asn Cys Asn Asn Glu He Asn Gly His Thr Asn Glu Thr Asn Thr 
305 310 315 320 

Glu Met Gin Arg Asn Lys Gin Asp Leu Pro Gly Leu Ser Ser Glu Ser 
325 330 335 



Ala Arg Glu Pro Asn Ala Glu Cys Met Asn Gin He Glu Asp Asn Asp 
340 345 350 



Asp Phe Gin Leu Gin Lys Thr Val Tyr Asp Ala Asp Met Asp Leu Thr 
355 360 365 

Ala Ser Glu Val Ser Lys He Val Thr Val Ser Thr Gly He Lys Lys 
370 375 380 

Lys Ser Asn Lys Lys Thr Asn Glu His Gly Met Lys Thr Phe Arg Lys 
385 390 395 400 



Val Lys Asp Ser Ser Ser Glu Lys Lys Arg Glu Arg Ser Lys Arg Gin 
405 410 415 



Phe Lys Asn Ser Ser Asp Val Asp He Gly Glu Lys He Glu Asn Arg 
420 425 430 



Thr Glu Arg Ser Asp Val Leu Asp Gly Lys Arg Gly Ala Glu Asp Pro 
435 440 445 



Gly Leu Phe Phe Asn Asn Glu Gin Leu Ala Gin Met Asn Glu Gin Leu 
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Ala Gin Val Asn Glu Leu Lys Lys Met Thr Leu Gin Thr Gly Phe Glu 
465 470 475 480 



Gin Gly Asp Arg Glu Asn Val Leu Cys Asn Lys Lys Glu Lys Arg Val 
485 490 495 

Thr Asn Glu Gin Glu Glu Thr Tyr Ser Leu Ser Gin Ser Ser Gly Lys 
500 505 510 



Phe His Gin Glu Ser Lys Phe Asp Lys Gly Gin Asn Ser Leu Thr Cys 
515 520 525 



Asn Lys Ser Lys Ala Ser Arg Gin Thr Phe Val He His Lys Leu Glu 
530 535 540 



Lys Asp Asn Leu Leu Pro Asn Gin Lys Asp Lys Val Thr He Tyr Glu 
545 550 555 560 

Asn Uu Asp Val Thr Asn Glu Phe His Thr Ala Asn Leu Ser Thr Lys 
565 570 575 



Asp Asn Gly Asn Leu Cys Asp Tyr Gly Thr His Asn He Leu Asp Leu 
580 585 590 

Lys Lys Tyr Val Thr Asp He Gin Pro Ser Glu Gin Asn Glu Ser Asn 
595 600 605 

He Asn Lys Leu Arg Lys Lys Val Asn Arg Lys Thr Glu He He Ser 
610 615 620 



Gly Met Asn His Met Tyr Glu Asp Asn Asp Lys Asp Val Val His Gly 
625 630 635 640 



Leu Lys Lys Gly Asn Phe Phe Phe Lys Thr Gin Glu Asp Lys Glu Pro 
645 650 655 
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He Ser Glu Ser He Glu Val Ser Lys Glu Leu Gin He Pro Ala Leu 
660 665 670 

Ser Thr Arg Asp Asn Glu Asn Gin Cys Asp Tyr Arg Thr Gin Asn Val 
675 680 685 

Leu Gly Leu Gin Lys Gin He Thr Asn Met Tyr Pro Val Gin Gin Asn 
690 695 700 

Glu Ser Lys Val Asn Lys Lys Leu Arg Gin Lys Val Asn Arg Lys Thr 
705 710 715 720 



Glu He He Ser Glu Val Asn His Leu Asp Asn Asp Lys Ser He Glu 
725 730 735 



Tyr Thr Val Lys Ser His Ser Leu Phe Leu Thr Gin Lys Asp Lys Glu 
740 745 750 

He He Pro Gly Asn Leu Glu Asp Pro Ser Glu Phe Glu Thr Pro Ala 
755 760 765 

Leu Ser Thr Lys Asp Ser Gly Asn Leu Tyr Asp Ser Glu He Gin Asn 
770 775 780 

Val Leu Gly Val Lys His Gly His Asp Met Gin Pro Ala Cys Gin Asn 
785 790 795 800 

Asp Ser Lys He Gly Lys Lys Pro Arg Leu Asn Val Cys Gin Lys Ser 
805 810 815 

Glu He He Pro Glu Thr Asn Gin He Tyr Glu Asn Asp Asn Lys Gly 
820 825 830 



Val His Asp Uu Glu Lys Asp Asn Phe Phe Ser Leu Thr Pro Lys Asp 
835 840 845 



Lys Glu Thr He Ser Glu Asn Leu Gin Val Thr Asn Glu Phe Gin Thr 

ffi|E#2 004-3119889 
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Val Asp Leu Leu He Lys Asp Asn Gly Asn Leu Cys Asp Tyr Asp Thr 
865 870 875 880 



Gin Asn He Leu Glu Leu Lys Lys Tyr Val Thr Asp Arg Lys Ser Ala 
885 890 895 



Glu Gin Asn Glu Ser Lys He Asn Lys Leu Arg Asn Lys Val Asn Trp 
900 905 910 



Lys Thr Glu He He Ser Glu Met Asn Gin He Tyr Glu Asp Asn Asp 
915 920 925 

Lys Asp Ala His Val Gin Glu Ser Tyr Thr Lys Asp Leu Asp Phe Lys 
930 935 940 



Val Asn Lys Ser Lys Gin Lys Leu Glu Cys Gin Asp He He Asn Lys 
945 950 955 960 



His Tyr Met Glu Val Asn Ser Asn Glu Lys Glu Ser Cys Asp Gin He 
965 970 975 

Leu Asp Ser Tyr Lys Val Val Lys Lys Arg Lys Lys Glu Ser Ser Cys 
980 985 990 

Lys Ala Lys Asn He Leu Thr Lys Ala Lys Asn Lys Leu Ala Ser Gin 
995 1000 1005 

Leu Thr Glu Ser Ser Gin Thr Ser He Ser Leu Glu Ser Asp Leu 
1010 1015 1020 

Lys His He Thr Ser Glu Ala Asp Ser Asp Pro Gly Asn Pro Val 
1025 1030 1035 



Glu Leu Cys Lys Thr Gin Lys Gin Ser Thr Thr Thr Leu Asn Lys 
1040 1045 1050 
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Lys Asp Leu Pro Phe Val Glu Glu He Lys Glu Gly Glu Cys Gin 
1055 1060 1065 

Val Lys Lys Val Asn Lys Met Thr Ser Lys Ser Lys Lys Arg Lys 
1070 1075 1080 

Thr Ser He Asp Pro Ser Pro Glu Ser His Glu Val Met Glu Arg 
1085 1090 1095 

He Leu Asp Ser Val Gin Gly Lys Ser Thr Val Ser Glu Gin Ala 
1100 1105 1110 

Asp Lys Glu Asn Asn Leu Glu Asn Glu Lys Met Val Lys Asn Lys 
1115 1120 1125 



Pro Asp Phe Tyr Thr Lys Ala Phe Arg Ser Leu Ser Glu He His 
1130 1135 1140 



Ser Pro Asn He Gin Asp Ser Ser Phe Asp Ser Val Arg Glu Gly 
1145 1150 1155 

Leu Val Pro Leu Ser Val Ser Ser Gly Lys Asn Val He He Lys 
1160 1165 1170 

Glu Asn Phe Ala Leu Glu Cys Ser Pro Ala Phe Gin Val Ser Asp 
1175 1180 1185 

Asp Glu His Glu Lys Met Asn Lys Met Lys Phe Lys Val Asn Arg 
1190 1195 1200 

Arg Thr Gin Lys Ser Gly He Gly Asp Arg Pro Leu Gin Asp Leu 
1205 1210 1215 



Ser Asn Thr Ser Phe Val Ser Asn Asn Thr Ala Glu Ser Glu Asn 
1220 1225 1230 



Lys Ser Glu Asp Leu Ser Ser Glu Arg Thr Ser Arg Arg Arg Arg 
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1235 1240 1245 



Cys Thr Pro Phe Tyr Phe Lys Glu Pro Ser Leu Arg Asp Lys Met 
1250 1255 1260 



Arg Arg 
1265 



<210> 21 

<211> 45 

<212> PRT 

<213> yeast 

<400> 21 

Met Glu Ser Leu Lys Lys Lys Phe Leu Lys Gin Asn Arg Glu He He 
15 10 15 



Lys He Asn Thr Gin Leu Ser He Lys He Arg Glu Ser Glu Asn Glu 
20 25 30 



He Gin Asp Leu He Gin Glu Asn Phe Thr Leu Lys Ser 

40 45 





35 


<210> 


22 


<211> 


45 


<212> 


PRT 


<213> 


yeast 


<400> 


22 



Val Glu Asp Leu Lys Lys Lys Gin He Arg Gin Tyr Lys Glu He He 
15 10 15 



Arg He Ser Lys Ala Gin Ser He Arg He Lys Glu Leu Gin Leu Glu 
20 25 30 



Asn Glu Arg Leu Leu Ser Glu Asn He Asp Leu Arg Thr 
35 40 45 



<210> 23 
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<211> 45 
<212> PRT 
<213> yeast 

<400> 23 

Val Glu Asn He Arg Gin Ser Tyr Ser Arg Gin Asn Ser Leu Leu Ala 
15 10 15 



Lys Asp Asn Ser He Leu Lys He Lys Val Asn Ser Leu Glu Lys Lys 
20 25 30 



He Ser Gin Leu Val Gin Glu Asn Val Thr Leu Arg Ser 
35 40 45 



<210> 24 
<211> 45 
<212> PRT 

<213> Neurospora crassa 
<400> 24 

Leu Glu Leu Leu Arg Arg Lys Phe Leu Arg Gin Asn Arg Asp He Ala 
15 10 15 



Arg Val Asn Ser Thr Gin Ser Leu Arg He Arg Gly Leu Glu Asn Glu 
20 25 30 



Cys Ala Arg Leu Leu Ser Glu Asn Leu Glu Leu Arg Gly 
35 40 45 



<210> 25 
<211> 45 
<212> PRT 

<213> Dactyl icapnos macrocapnos 
<400> 25 

Gly Ser Lys Val Glu Gin Gin Tyr Lys Leu Leu Asn Ala Glu Leu Met 
15 10 15 

Asp Gin Val Gin Lys Gin Arg Leu Glu He Gly Glu Tyr Arg Lys Arg 
20 25 30 
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Val He Ser Leu Glu Arg Glu He Met Asp He Arg Glu 

40 45 





35 


<210> 


26 


<211> 


27 


<212> 


PRT 


<213> 


yeast 


<400> 


26 



Gly Arg Glu Lys Uu Arg Arg Ser Val Lys Val He Asn Tyr Ala He 
15 10 15 



Pro Ser Leu Arg Thf Lys Leu Arg Arg Asp Phe 
20 25 



<210> 27 

<211> 27 

<212> PRT 

<213> yeast 

<400> 27 

Pro Asp Gly Arg Ser Arg Arg Glu Arg Lys Lys Val Asn Tyr Ala Leu 
15 10 15 



Pro Gly Leu Arg Thr Lys Leu Arg Arg Asn Phe 
20 25 



<210> 28 

<211> 28 

<212> PRT 

<213> yeast 

<400> 28 

Ser Phe Thr Arg Thr Arg Arg Thr Arg Gly Lys Ala Val Asp Tyr Thr 
15 10 15 



Leu Pro Ser Leu Arg Ala Lys Met Arg Arg Pro Ser 
20 25 
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<210> 29 
<211> 28 
<212> PRT 

<213> Neurospora crassa 
<400> 29 

Glu Thr Ser Arg Pro Ser Arg Arg Ala Arg Ala Ala He Ser Tyr Thr 
15 10 15 



Glu Pro Asn Leu Arg Asp Lys Met Arg Arg Pro Thr 



<210> 30 
<211> 27 
<212> PRT 

<213> Dactylicapnos macrocapnos 
<400> 30 

Asn Ser Ala Arg Pro Ser Arg Ser Cys Arg Pro Thr Ser Leu Val Glu 
15 10 15 



Pro Ser Leu Lys Asn Lys Leu Arg Asn Gly Ser 



<210> 31 
<211> 28 
<212> PRT 

<213> Caenorhabditis elegans 
<400> 31 

Thr Val Arg Arg Gin Arg Ser Ala Lys Met Asn He Lys Ser Leu Lys 



20 



25 



20 



25 



1 



5 



10 



15 



Glu Pro Ser Gly Lys Asp Lys Leu Arg Arg Pro Gly 
20 25 



<210> 
<211> 
<212> 
<213> 



32 
29 
PRT 



Arabidopsis thaliana 
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<400> 32 



Thr Val Gly Arg Pro Ser Arg Gin Ala Ala Glu Lys He Lys Ser Tyr 
15 10 15 



Lys Glu Pro Ser Leu Lys Glu Lys Met Arg Gly Gly Phe 
20 25 



<210> 33 
<211> 29 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 33 

Ser Val Gly Arg Pro Ser Arg His Ala Ala Glu Lys Val Gin Ser Tyr 
15 10 15 



Arg Glu Val Ser Leu Arg Val Lys Met Arg Arg Lys Cys 
20 25 



<210> 34 

<211> 28 

<212> PRT 

<:213> mouse 

<400> 34 

Ala Val Ala Leu Thr Lys Arg Arg Cys Ser Thr He Lys Ser Tyr Lys 
15 10 15 



Glu Pro Thr Leu Ala Ser Lys Leu Arg Arg Gly Asp 
20 25 



<210> 35 

<211> 25 

<212> PRT 

<213> mouse 

<400> 35 

His Pro Met Arg Arg Lys Arg Gin Cys Val Pro Leu Asn Leu Thr Glu 
15 10 15 
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Pro Ser Leu Arg Ser Lys Met Arg Arg 
20 25 



<210> 36 

<211> 28 

<212> PRT 

<213> Homo sapiens 

<400> 36 



Ala Val Ala Leu Pro Lys Arg Arg Cys Thr Ala Ser Val Asn Tyr Lys 
15 10 15 



Glu Pro Thr Leu Ala Ser Lys Leu Arg Arg Gly Asp 
20 25 



<210> 37 

<211> 26 

<212> PRT 

<213> Homo sapiens 

<400> 37 

Ser Glu Arg Thr Ser Arg Arg Arg Arg Cys Thr Pro Phe Tyr Phe Lys 
15 10 15 



Glu Pro Ser Leu Arg Asp Lys Met Arg Arg 
20 25 
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Nondisjunction of cen2-GfP 




-Rec8-RDRD +Rec8-RDRD 
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ce ntrome re arm 
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peri core peri ^ 

■ I ■ I I I 
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[114] 



21 Synchronous meiosis 
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(%)IP Sgo1-GFP 
20 1 Chip 



g 



input a-FLAG 
10% IP 



Rec8-HA: 4. + + + 
Sgol-FLAG: - + - + 

Rec8-HA 
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•Rec8 (centromere) 
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swiGA 
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bubl'KR swi6A 
bubl'KR 




C 
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a 



in mitosis 

ScSgol-GFPDAPI 



ScSgo1-GFP 


Nomarski 


• 
















1 





DAPi 

ScSgol-Myc 
ScSgol Ndc10-HA 
-Myc Ndc10-HA dAPI 




Q In mefosis 

ScSgol •■GFP ScSgol -GFP DAPi 




DAPI 



wt I 
ScsgolA 



Benomyl Oig/ml) 
0 15 



e 

wt 
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2% 


39% 
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25% 
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11 
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g 
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ScSGOI-Myc 
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h 

cenV'GFP 
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